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PREFACE 



The Acidic Precipitation in Ontario Study was established 
in 1979. This multidisciplinary program is managed by the 
APIOS Coordination Office which: 

° provides overall leadership and conducts the budget 
preparation and management for the program; 

° provides secretarial support for the technical 
committees thus facilitating the transfer of 
information among working groups; 

° provides guidance to the Communications Work Group in 
the development and implementation of the Ontario and 
U.S. strategy for dissemination of information; 

* maintains a library of current information on acid 
rain; 

* responds to public enquiries for information and 
coordinates responses when more than one Branch is 
involved ; 

' maintains coordination links with major studies in 
other provinces and countries; 



Additional information concerning any of the activities 
described in this report may be obtained by contacting that 
Office at the following address: 

APIOS Coordination Office 

7th Floor 
40 St. Clair Avenue West 
Toronto, Ontario 

(416) 323-5051 

Mailing Address : 

APIOS Coordination Office 

Ministry of the Environment 

Suite 100 

135 St. Clair Avenue West 

Toronto, Ontario 

M4V 1P5 



(Une version abregee est disponible en francais) 
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INTRODUCTION 

In 1979, Ontario established the Acidic Precipitation in 
Ontario Study (APIOS) to investigate the causes and 
effects of the long range transport of air pollutants. 

The program is organized into seven areas of work: 
emissions and atmospheric processes, aquatic effects, 
terrestrial effects, biogeochemical effects, legal 
initiatives, economic studies and information services. 
Each program area has its own specific goals and obtains 
its direction from an interbranch or interministerial 
Working Group. In addition, the credibility of the 
scientific research is assured by a documented and 
operational quality assurance program. 

Recently, there has been mounting evidence of serious 
adverse health effects induced by pollutants involved in 
the formation of acid rain. The APIOS Coordination Office 
is compiling this information to obtain a more complete 
picture of the damages caused by acid rain. 

Ontario is continuing to coordinate its research and 
emission control efforts with other parts of Canada and the 
United States since the solution to the LRTAP problem 
requires action by all jurisdictions involved. Appendix I 
provides a summary of international LRTAP projects in which 
MOE is involved. Appendix II provides a bibliography of 
APIOS related publications and technical reports. 

In 1985, the Canadian provinces east of the 
Manitoba-Saskatchewan border and the federal government 
agreed to reduce SO2 emissions by 50% from the 1980 base 
case to 2.3 million tonnes per year by 1994. 

Ontario went beyond the commitment it made at the federal/ 
provincial meetings. Its Countdown Acid Rain program 
(announced December 1985) will reduce Ontario's emissions 
from the 1980 base case level of 2,194 kilotonnes to 
885 kilotonnes by 1994. 

The new regulations are aimed at four corporate sources 
which together emit 80% of Ontario's S02- These sources 
are Inco, Falconbridge, Algoma (Wawa) and Ontario Hydro. 

This package of emission controls was developed in 
consultation with each of the major pollution sources to 
ensure that economic activity need not be inhibited. 

Control technology has not been specified and the 
individual companies may choose their method of abatement 
so long as the legal limits are met by the specified dates. 
The regulations provide for a three year research and 
development period, leading up to a final report by 
December 31, 1988 from each of the major sources. This 
report will spell out precisely how the emission limits 
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will be met. The semi-annual interim progress reports, 
required under the regulation, are being provided by the 
four major companies. These are reviewed by experts from 
various Ontario ministries. Based on the first two reports 
submitted, the government is confident that the companies 
are in compliance and on schedule. 

However, the major emission reductions in Ontario and 
elsewhere in eastern Canada will not be sufficient to 
achieve the 20 kilogram target which will protect most of 
the aquatic ecosystems. Major emission reductions are also 
required in the United States. All Canadian attempts to 
negotiate a bilateral treaty on acid rain with the United 
States have failed to date. At the Summit meeting with the 
Prime Minister, the President reaffirmed his commitment to 
clean coal technology development and agreed to consider 
the possibility of an accord. 

A number of initiatives were launched through the APIOS 
program in 1986/87 to increase awareness of acid rain in 
both countries and to stimulate American citizens to 
pressure for acid rain controls. 

Ontario citizens are aware of acid rain and are educating 
themselves as evidenced by the number of requests made 
directly to the APIOS Coordination Office. Over 650 
individualized packages of information were mailed out and 
400 people visited the Office. These contacts are over and 
above the enormous quantity of requests for acid rain 
information handled directly by the Communications Branch. 

It is hoped that Ontario's realistic and practical approach 
in severely limiting its own emissions will encourage the 
United States to take similar positive action. 

A sound economy is dependent on a clean environment. 
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TASK # 1 - ATMOSPHERIC PROCESSES STUDIES 
A. Emissions Inventory 

The compilation of statistics on the production of SO2, 
N0 X and other pollutants serves several purposes: 

A) Trends in emissions of acid-producing gases are 
determined and matched with changes in deposition 
patterns; 

B) Detailed information on SO2 and N0 X emissions, 

by geographic locations is required by all of the 
atmospheric models; 

C) Knowledge of the location and magnitude of 
emission sources is also essential in planning 
cutbacks of acid gas emissions. 

During FY 1986/87, the upgrading work on the Ontario Acid 
Rain Emission Inventory was carried out to provide more 
complete information regarding SO2, N0 X and VOC emissions 
as well as related statistics. A full scale emission 
questionnaire survey of the major Ontario sources for the 
above pollutants was initiated in which companies are being 
asked to report their fuel consumption, production 
quantities, and if available, their stack emissions for the 
years 1985 and 1986. A project to compile alkaline dust 
and ammonia emissions information to be used as input to 
long-range transport models was also initiated near the end 
of the fiscal year. 

A common emission estimation methodology for sulphur 
dioxide was established together with Environment Canada. 
Trend analysis of the preliminary 1984 and 1985 Ontario SO2 
data has indicated that there is a slight increase of 
sulphur dioxide from 1983. Such a trend is in agreement 
with the general economic recovery in the Province since 
1983. However, the increase in SO2 emissions, mainly from 
smelters, is partially offset by a reduction in the utility 
sector. Overall, there was a decrease in SO2 emissions 
from 1980 to 1985. The 1984 U.S. power plant data from 
U.S. EPA NEDS was processed, standardized and used in 
limited analysis of U.S. emissions. 

B. Modelling Studies 

Mathematical models combine our knowledge of the movement 
of air masses and the scavenging and chemical 
transformation of pollutants during transport into a set of 
numerical equations. Output from the models can be 
compared to observed deposition patterns, and if the 
comparison shows a close agreement, we gain confidence that 
we have a good understanding of the causes and mechanisms 
involved in acid deposition. Once the models are 
sufficiently developed, emission reduction scenarios can be 
assessed by looking at resulting deposition patterns. The 
models can also be used for interpretation of data. 
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Two simple long range transport models, a statistical model 
and a trajectory puff model have been developed. The 
statistical model simulates long-term average deposition 
and air concentration, whereas the trajectory puff model 
simulates the same on a monthly and seasonal time scale. 
Both models were extensively evaluated, peer reviewed and 
used in the development of control strategies. The models 
have also been used in international studies such as ISDME 
(International Sulphur Deposition Model Evaluation). 

A computer program, including gas phase and aqueous phase 
chemistry of the atmosphere, was developed to be used in 
the trajectory puff models. Evaluation and application of 
this program is continuing. A mesoscale wind model was 
also developed and tested and is being used in conjunction 
with the trajectory puff model to study the local impacts 
of major point sources. 

A working version of the eulerian long-range transport 
model (ADOM) was installed at the CMC computer. The model 
was evaluated with OSCAR 2 and PEPE/NEROS data. Further 
evaluation of the model is continuing. The model results 
are being used to plan the joint U.S . /Canadian field study 
to evaluate the ADOM (Canada) and RADM (U.S.) eulerian 
models. Once evaluated, the models will be applied to 
investigate the importance of non-linearity in sulphur 
deposition and to determine the most effective way to 
control emissions of SO2* N0 X and hydrocarbons. 

The eulerian model has also been installed at the 
University of Toronto's CRAY XMP computer. The severity of 
non-linearity of sulphur chemistry in the atmosphere, and 
the impact of emission reduction in Canada and the U.S. 
will be investigated using this computer during the fiscal 
year 1987/88. 

A project to improve the cumulus cloud parameterization in 
the eulerian model was started in collaboration with 
Electric Power Research Institute and Environment Canada. 
An inter- comparison of the various modules of the model 
with NCAR model will be carried out as part of this 
project. The project is expected to last approximately 
three years. 

The eulerian model is computer intensive and requires a 
super computer (such as CRAY) for efficient executions. To 
minimize the cost of running the model, a project was 
started to determine if a limited set of meteorological 
events could be used to simulate seasonal and annual 
average values. Results of this study will be evaluated in 
the coming months. 

The primary future focus of model development efforts will 
be to evaluate and apply the eulerian model. The simpler 
statistical and lagrangian model development is essentially 
complete and will be used for emission control studies as 
the need arises. 
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C. Deposition Monitoring Networks 

Deposition monitoring was continued across the province, 
with air and precipitation data being collected in the 
daily and 28-day networks. Internal audits of network 
operations were carried out, together with the analysis and 
reporting of routine QA/QC data. 

Routine sampling for trace metals in both air and 
precipitation was initiated at Dorset. These data will 
assist in the apportionment of impacts due to large point 
sources, and in the evaluation of the effectiveness of 
emission controls in limiting acidic deposition. 

Initial planning, site selection and equipment acquisition 
took place for Ontario's contribution to a large field 
study due to start in 1988. This field study is designed 
to provide data for the evaluation and validation of 
eulerian models of pollutant transport and deposition. 
Ontario's contribution takes the form of additional daily 
monitoring. Air and precipitation data will be collected 
at eight sites in Ontario, plus one intercomparison site in 
Quebec and a further intercomparison site in the U.S. 
Network data collection is expected to continue for two 
years, and will be supplemented by short-term intensive 
experiments . 

Daily and cumulative network data for 1985 were reported, 
together with statistical summaries of the data. Trace 
metal sampling was described at the Conference on Advances 
in Spectroscopy and Laboratory Science in Toronto, October 
1986, and a number of other papers have been prepared or 
are in preparation for presentation or publication during 
1987. 

D. Oxidants Strategy Development 

Data from the Sarnia Oxidants Study were used as input to 
mathematical modelling runs, to investigate the 
effectiveness of hydrocarbons versus NO x control in 
southern Ontario. Preliminary results indicate that 
control of hydrocarbons should be preferred, but this work 
is on-going. Conclusions are expected by the end of FY 
1987/88. 

Two papers on Ontario's oxidants program were presented at 
the North American Oxidant Symposium, Quebec, in February 
1987. 

The vehicle emissions testing program is continuing. 

A progress report on Ontario's Oxidants Strategy 
Development was prepared in August 1986, and areas still 
requiring attention in order to complete the strategy 
development were identified. These are now being 
addressed . 
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E. Meteorological Studies 

A meteorological data acquisition system (MDAS), capable of 
providing support for special studies and episode analysis, 
as well as modelling activities, has been implemented. 
MDAS is a computerized system which collects and stores 
meteorological data supplied by Environment Canada from the 
North American network of weather stations. Air parcel 
trajectories are also calculated by the system for 
interpreting event precipitation and other air quality 
data. 

During FY 1986/87, meteorological data were acquired and 
archived on an on-going basis. Air parcel trajectories at 
various locations in Ontario and eastern North America were 
calculated and archived on a daily basis. As well, the 
daily synoptic weather patterns for various locations in 
Ontario were categorized and archived. Climatological 
compilation of boundary- layer statistics was also 
initiated . 

Programs were developed to merge MDAS meteorological data 
and the data from the Ontario air quality monitoring 
network so that the two types of data may be analysed 
together . 

A new user manual of MDAS was completed. 

F. Laboratory Support and Quality Assurance 

A total of 82,029 tests were performed on samples collected 
for the Atmospheric Processes studies. 

The Quality Assurance office of the Laboratory Services 
Branch continued its representation on this working group. 
The Deposition Monitoring Network has a well-defined and 
routinely implemented Quality Assurance program. The 
Quality Assurance Office participates by supplying control 
samples for the event and cumulative networks and also the 
28-day accuracy study. Special concerns such as bag tests 
and field blanks are also addressed. The quality of data 
utilized in the models is an ongoing concern. 



- 7 - 

TASK *2 - AQUATIC EFFECTS STUDIES 

A. Chemical Studies 

i ) Calibrated Watersheds 

a) Chemical Limnology 

A set of 20 streams and 8 lakes in Muskoka-Haliburton 
has been monitored for periods ranging from 5 to 10 
years in an attempt to measure the long-term effects 
of acid deposition on the chemistry and biology of 
these waters. 



One of the study lakes, Plastic Lake, has been the 
focus of intensive monitoring over a period of six 
years. Its acidification rate has resulted in 
extensive damage to its aquatic biota. The 
acidification of this lake has been the result of the 
input of strong acids, not the result of naturally 
occurring acids. A four-fold decrease in alkalinity 
and a decrease of 0.2 pH units occurred despite a 
reduction in the deposition of strong acids over the 
period of study. Acidification was accompanied by a 
decrease in base cation content in the lake but not an 
increase in strong acid anion (S04 -2 ) concentration, 
indicating that there has been a deletion of available 
cations in the lake's catchment. 

b) Lake and Stream Models 

Data collected as part of the calibrated watershed 
studies have been used to develop and calibrate 
several models. 

A lake model (FLASCH) has been utilized for sulphate, 
phosphorus and base cations. 

The Birkenes-Storgama chemistry model developed for 
Norwegian streams was calibrated for several of the 
Harp Lake inflows and has been employed in making 
predictions about the effects of changes in sulphur 
deposition (increases and decreases) on the chemistry 
of other Harp inflows. The hydrologic component of 
the model is being modified. • 

Scientific groups in Norway, Great Britain, Canada and 
the U.S. have expressed interest in cooperating on 
further model development and applying the model to 
catchments in their countries. 

These models can be used as both investigative and 
predictive tools. As investigative tools, they can be 
used to examine the efficacy of the scientific 
concepts being modelled. As predictive tools, they 
can be used to predict changes in pH or alkalinity as 
well as other parameters under different loading 
scenarios . 
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As additional data become available from the various 
monitoring programs underway, these models will be 
refined resulting in improved accuracy of prediction. 
They will thus be very useful for comparing the 
benefits of various abatement strategies. 

c) Metal Contaminants 

Acidified lakes tend to have increased mercury levels. 
A study is underway to identify the sources of mercury 
in sensitive areas and the relationship between 
mercury concentrations in water to levels in biota. 

A new solvent extraction technique has been developed 
which is much more sensitive in its analysis of 
mercury in water. Samples of various biota in the 
vicinity of water sample sites are also being analysed 
for mercury. 

The performance of this method is still being tested 
using spiked synthetic samples as well as a wide 
variety of water types collected from all seasons. 

Data currently show that mercury concentrations are 
low in the spring (<5 ng/L) but some reach high levels 
in the summer or fall (50 ng/L). The concentration in 
brownwater streams is about ten-fold higher than clear 
streams . 

ii ) Extensive Lake Sampling 

This program is carried out in cooperation with the 
Ministry of Natural Resources, and is designed to delineate 
the magnitude of Ontario's aquatic resource at risk due to 
acidification. The results of sampling 6,063 lakes in the 
province were published. It was found that 4% were 
acidified (alkalinity _<0 ueq-l -1 ) and further 15.4% were 
extremely sensitive (alkalinity >0 ueq'l -1 and 
<40 ueq- l -1 ) . 

The majority of the acidified lakes are in an elliptical 
area around Sudbury, stretching to the northeast and 
southwest of the city. However, an increasing number of 
acidified lakes are being identified in other areas of the 
province, including Algonquin Park, Muskoka-Haliburton , 
Algoma, and Parry Sound. Mostly, these acidified lakes are 
small headwater lakes, and their distance from point 
sources implicates long range transport of acids as the 
cause of acidification. 

Many of the lakes close to the Sudbury smelters show signs 
of significant improvement related to declines in sulphur 
dioxide emissions. This is seen as a very encouraging 
result, since it demonstrates that abatement of sulphur 
dioxide will result in tangible improvements in the water 
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quality. The degree of improvement in the lakes in the 
Sudbury area was correlated with their proximity to the 
smelter. A subset of about 50 Sudbury area lakes is being 
sampled annually to monitor any ongoing trends. 

Another result of the extensive lake survey has been the 
identification of three acidified lakes in Pukaskwa 
National Park, in northwestern Ontario. These are the 
first acidified lakes found in this region, and they are 
unique in Ontario since they appear to be going acidic 
under a fairly low rate of wet sulphate deposition. The 
first year's sampling of deposition indicates that the 
total sulphate deposition in the area is about 
16 kg/ha *yr. An analysis of the water chemistry results 
indicates that sulphuric acids, and not natural organic 
acids, are responsible for the water acidity in these 
lakes . 

Efforts in 1986/87 were concentrated on sampling lakes in 
the following two areas: 

small (1 - 10 ha) lakes in the Northeastern Region. 
This size class have been under represented in the 
previous surveys, 

100 lakes were sampled in the Northwestern Region 
to provide baseline chemistry data on low acid 
deposition areas. 

B. Biological Studies 

i ) Algae 

a) Filamentous Algae 

Lake acidification produces noticeable alterations in 
plantonic and benthic algal populations. In 
particular, some forms of filamentous algae are 
favoured by acidic conditions. Filamentous algae can 
colonize extensive areas of the littoral zone of 
acidified lakes and may reduce fish spawning areas, as 
well as constitute an aesthetic nuisance. 

In 1986/87, annual algal mapping continued in Bowland 
Lake, Plastic Lake and Lake 302. Mapping was 
initiated on Lake of Bays. These efforts will follow 
changes in the algal populations. 

The use of a questionnaire was investigated as an 
assessment tool to evaluate the extent of the algae 
problem based on cottager's perceptions. For a 
detailed description see Task #5 - Socio-Economic 
Activities . 
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b) Odour Production by Chrysochromulina breviturrita 

No known new cases of lakewide odour were attributed 
to this species in 1986. Total odour episodes known 
for Ontario, and New England States equal 12 (1978 - 
1986). C_. breviturrita is now known from over 100 
Ontario lakes. Analyses of 610 lake-year (about 500 
lakes) data set was started to define general 
physical-chemical conditions of lakes containing this 
species . 

c) pH Change and Algal "Fossils" in Lake Sediments 

The study of algae and diatom communities in acid 
lakes has some interesting applications. Diatoms and 
some types of algae (chrysophytes) leave remains in 
the sediment which do not decompose. By carefully 
characterizing the diatom or chrysophyte communities 
in a number of lakes over a range of pH's, a 
"calibration" can be developed which relates the pH to 
community composition. This calibration can then be 
applied to the chrysophyte or diatom remains in a 
sediment core and the pH history of the lake can be 
reconstructed. 

All analyses (diatoms + chrysophyte scales) have been 
completed on calibration lake set (surface sediment 
from 52 lakes). One additional low alkalinity lake 
was sampled in November, 1986 for inclusion in 
calibration set. Cores from Lady Lake, Raven Lake and 
two Pukaskwa Park lakes were sectioned and dated with 
210 Pb methods. All diatom and chrysophyte scale 
analyses of core sections have been completed. 
Additional cores from Plastic and Clear Lakes were 
collected. Full (mixed period) chemical 
characterization of all calibration and core lakes was 
done by helicopter in November, 1986. Statistical 
analyses were begun. 

ii ) Zooplankton 

Various studies are underway to determine the effects 
of acidification on zooplankton in Precambrian Shield 
lakes including intensive monitoring of plankton from 
selected lakes with specific characteristics, 
extensive monitoring of lakes along a gradient in pH 
and experimental manipulations to test hypothetical 
mechanisms responsible for observed zooplankton 
community alterations. 

A comparison of data from a number of surveys 
confirmed that the biomass of the dominant Daphnia 
species is reduced after relatively modest pH 
depression . 
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Chaoborus abundance does not increase after 
acidification as previously suspected. Acidification 
may be accompanied by replacement of acid sensitive by 
acid tolerant species, e.g. Holopedium , and by an 
increase in rotifer biomass. 

Rates of zooplankton recovery after neutralization of 
acid metal-contaminated lakes are slower than 
anticipated. Even though communities may change after 
pH increases, they do not necessarily recover 
attributes characteristic of non-acidic lakes. 

After correction for differences attributable to 
nutrients, zooplankton biomass increases with 
increases in pH for lakes in the Dorset area. 

iii ) Invertebrates 

The effects of short-term increases in Al and H + 
concentrations on aquatic invertebrates were studied 
in various field experiments using streams in the 
Dorset area (high acid loadings) and in the 
Experimental Lakes Area - ELA (low acid loadings). 
Invertebrate (mayflies and some midges) avoidance 
experiments demonstrated significant correlations with 
elevated H + and Al at ELA but not at Dorset. The 
macroinvertebrate consumers exhibited greater 
sensitivity to pH depressions at ELA than at Dorset, 
which suggests that organisms at Dorset have adapted 
to the elevated acid conditions. 

Comparison of the Algonquin Park stream invertebrates 
collected 50 years ago with data collected recently 
(1984-86) is continuing. The same insect taxa are 
present in 1984-86 as were observed 50 years ago at 
locations where pH fluctuations were small (6.4 - 5.7) 
but at locations where large pH depressions are 
currently observed (6.4 - 4.9), many mayfly and 
stonefly taxa present 50 years ago were not recorded 
in 1984-86. These insect taxa are known to be 
intolerant to low pH. This loss of the acid-sensitive 
species indicates that poorly buffered surface waters 
in this region have undergone some acidification in 
the past 50 years. Although the results have to be 
analysed quantitatively, it appears that a decrease in 
biomass for some insects (mayflies) has occurred in 
the last 50 years, while for others (e.g. blackflies) 
increases in biomass are apparent. 

iv) Fish Studies 

In FY 1986/87, a manuscript on salraonid response to H + 
and Al was finalized for journal submissions, the 
experimental portion of a lab and field investigation 
of the annual pumpkinseed ( Lepomis gibbosus ) die off 
in Plastic Lake was completed and a synthesis of 
research highlights was presented and published as 
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part of the proceedings of the international symposium 
on Acid Stress in Aquatic Organisms held in Antwerp, 
Belgium. 

In summary, MOE research on eggs and fry of native 
Ontario fish shows that H + is more important than Al 
as a toxicant and that three responses to Al are 
possible in laboratory tests. Joint action of H + and 
inorganic Al produced mortality at pH 4.4 - 4.8 and pH 
4.2 for fry of lake trout ( Salvelinus namaycush ) and 
brook trout (S. fontinalis ) respectively but Al 
toxicity required sublethal H + stress. Al 
asphyxiation was not observed in oversaturated 
solutions at pH 5.1 - 6.0 where concentrations were 
lower and toxicant flow faster than in previous tests. 
Al increased survival time of eggs and fry of 
salmonids during acutely lethal exposures at pH 3.5 - 
4.2 and of adult sunfish ( Lepomis gibbosus )at pH 3.5. 
Responses to H + and Al were enhanced in dilute water 
and single episode pulse exposures required 
unrealistic combinations of time and concentration to 
produce mortality. 

Despite the apparent complexity of toxic mechanisms 
and modifying factors, it is obvious that H + is the 
master variable driving the response of fish to 
cultural acidification. Further research will refine 
definitions of effect levels in-situ and shed further 
light on physiological mechanisms of toxicity. It 
will not, however, change the fact that any human 
intervention that reduces H + loadings to 
acid-sensitive aquatic ecosystems will improve their 
ability to sustain reproducing populations of fish. 

The following studies are being performed under the 
auspices of MNR's Fisheries Acidification Program. 

Factors Controlling Species Richness 

The relationship between lake area, pH and other 
abiotic factors on the number of fish species 
found in Ontario lakes was investigated. 

The influence of both lake area and lake pH on 
fish species richness is demonstrated for 2,900 
Ontario lakes. Generally, large lakes contain 
more fish species than small lakes. Although 
lake area and lake pH are related over the pH 
range 5.2 to 6.8 (as pH declines so does lake 
area), when the influence of pH is controlled, 
it was found that the mean number of fish 
species increases by a factor of 1.6 for a 
ten-fold increase in lake area. The 
relationship is linear in the log-log form. 
Similarly, when the effect of lake area on 
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species number is controlled, the negative 
effect of pH values < 6.0 on fish species is 
statistically significant. 

Multiple regression analysis using all lakes 
showed that lake area is the dominant factor 
influencing fish species richness, accounting 
for 18% of the variances in species number. 
Four other factors: total aluminum (highly 
correlated with pH), latitude, dissolved organic 
carbon, and elevation explained a further 16% of 
the variance. For lakes with pH < 6.0, pH is 
the dominant factor, explaining 21% of the 
variation in fish species number. An additional 
20% of the variance is explained by elevation, 
lake area and dissolved organic carbon. 

- Fisheries and Water Chemistry Surveys 

The chemical sensitivity of walleye and 
smallmouth bass populations to acidic deposition 
was examined. Using data from field and 
laboratory studies, pH categories were defined 
to reflect the species' sensitivity to low pH. 
For both smallmouth bass and walleye 
populations, extirpation was likely at pH < 5.5. 
It is estimated that 2.3% (n = 57) of the 
smallmouth bass lakes and 0.3% (n = 12) of the 
walleye lakes in Ontario have pH below the 
threshold of 5.5. Estimates were also made of 
the number and percent of smallmouth bass 
(12.2%, n = 296) and walleye (2.0%, n = 80) 
lakes with low alkalinities (below 2.0 mg/l) and 
therefore in danger of future acidification. In 
1987/88 the relationship between cyprinid 
distribution and lake water chemistry will be 
examined . 

Bioassays of Lake Trout 

Studies were continued to investigate whether 
spring pulses of low pH water containing high 
concentrations of aluminum occur on natural lake 
trout spawning shoals in the Muskoka-Haliburton 
area with resultant detrimental effects on lake 
trout survival. The effects of shoal liming 
were also investigated. 

In situ bioassays of lake trout eggs and fry 
were carried out at five Dorset area lake trout 
spawning shoals. Eggs and fry were incubated 
within natural spawning rubble, and in a 
limestone treatment. Mortality of young lake 
trout was monitored at each developmental stage. 
Water quality at the incubation sites was 
sampled throughout the winter and during spring 
snowmelt . 
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After ice-out in April, fry from the bioassay in 
acid sensitive Clear Lake were held on two 
spawning shoals in chambers containing 
zooplankton indigenous to the lake. These fry 
were able to begin exogenous feeding as 
indicated by the presence of zooplankton in the 
gut . 

Data from experiments conducted during the past 
three winters will be synthesized in 1987-88. 

Behavioural Response of Lake Trout Embryos to 
Acidic Water 

Locomotor activity of lake trout embryos in the 
later stages of yolk absorption were 
investigated in terms of whether they are able 
to avoid water with low pH and elevated Al . 
Poor swimming ability and preference for contact 
with the substrate appear to eliminate the 
possibility that these embryos will effectively 
avoid the acidic runoff water entering the 
rubble of spawning sites during snowmelt. 

Exploited Lake Trout Lakes 

Studies are underway to quantify lake trout 
population characteristics in two small low 
alkalinity and exploited lake trout lakes in the 
Dorset area. Mark/recapture results from two 
years, and creel surveys ongoing since 1983 will 
allow estimates to be made of population size, 
biomass, mortality rates, and recruitment in two 
acid sensitive systems. 

Reproduction of Brook Trout in an Acidic Stream 

Spawning time and location were determined for a 
natural population of brook trout in 
Chikanishing River (pH 5.7), a small river in 
Killarney Park. Brook trout spawned at a 
groundwater upwelling site (pH 6.7). During the 
first week of April, stream water declined in pH 
to 5.2. Emergence from the redds began after 
the acid pulse had passed. Toxicity tests were 
conducted in five lakes with a range of pH (4.84 
- 5.64). Lethal pH thresholds for eggs, 
hatching embryos and free embryos were pH 5.1, 
5.0, and 5.0 respectively. Estimated lethal 
thresholds for Al for the three early life 
stages varied from 0.20 - 0.25 mg/L. Periodic 
swimming surveys during the winter revealed that 
adult brook trout overwintered in high pH water 
in deep pools below the ground water recharge 
zone. The field studies to confirm the timing 
of emergence relative to pH depressions are 
continuing . 
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Aurora Trout Reproduction and Rehabilitation 

Historically, four lakes in the Temagami 
District were populated by aurora trout, but 
became too acidic to sustain the fish. 
Recently, water quality has improved and studies 
are underway to assess effects of acidic ambient 
conditions on survival and reproduction of 
reintroduced aurora trout. 

Acclimation procedures were used to successfully 
reintroduce aurora trout into one of their 
native lakes. Fish were held for five days in 
an intermediately acidic lake (George Lake, 
pH 5.8). Surviving fish (54%) were then 
transferred to one of the aurora lakes 
(Whitepine Lake, pH 4.8) and held for 72 hours, 
during which time no mortality occurred. 
Unacclimated fish experienced 82% mortality 
during 146 hours in the acidic lake. The growth 
and survival of these and earlier plantings of 
fish will be followed to determine if aurora 
trout will reproduce under the very acidic 
conditions present in the native lakes. 

Loss of Largemouth Bass in Lady Lake 

Anecdotal evidence indicated that Lady Lake 
supported a sport fishery for largemouth bass 
throughout the 1960's. Coincident with a 
decline in water quality (decreases in pH, 
increases in secchi depth) angler success 
decreased in the 1970' s. No largemouth bass 
were captured in extensive netting surveys 
carried out in the 1980 's. Studies are underway 
to determine if the decline of largemouth bass 
in Lady Lake could be attributed to 
acidification. 

Survival rate of young-of-the-year largemouth 
bass held in Lady Lake for two weeks in the 
summer of 1986 was high. Breeding size adult 
largemouth bass were transferred into Lady Lake 
in the fall of 1986. The lake will be surveyed 
for nesting activity, egg deposition and brook 
stock survival in the summer of 1987. 

- Survival, Growth and Mercury Content in Stocked 
Lake Trout in Acidic Lakes in the Sudbury Area 

Lake trout have been reintroduced into 
approximately 20 Sudbury lakes to assess the 
effects of fish size, stocking season, and lake 
acidity, on survival and growth. Tissue samples 
of recaptured fish were analysed for seven 
metals including mercury to assess contaminant 
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accumulation. Stocked fish have survived, in 
lakes with pH > 5.0. Good growth and survival 
occurs in the absence of large biomass of 
competitors within the pH range 5.2 - 6.0. 
Stocked fish had relatively low levels of Hg and 
other metals in muscle tissue. In at least one 
lake reintroduced lake trout have reproduced 
successfully. Analysis of age and growth 
material will be done in 1987/88. 

Mercury in Sport Fish 

The relationship between body burdens of mercury 
(Hg) in sport fish and lake physico-chemical 
characteristics was examined focusing on those 
chemical parameters known to be related to 
acidic deposition. Previous studies have shown 
that at low pH there is an increase in the rate 
of formation of monomethyl mercury, a form of 
mercury rapidly accumulated by fish. 

During the 1986/87 fiscal year factors affecting 
Hg uptake in smallmouth bass and lake trout were 
examined. Lake variables most correlated to 
mercury in smallmouth bass were: magnesium, 
conductivity, calcium, pH and alkalinity, in 
descending order of significance. For lake 
trout, the lake variables most correlated to 
mercury were: dissolved organic carbon, 
apparent colour, and lake area (also listed in 
order of significance). Multivariate techniques 
indicated that dissolved organic carbon was the 
best predictor of mercury in lake trout while 
pH, dissolved organic carbon, and latitude were 
the best predictors of mercury in smallmouth 
bass . 

Further studies will examine similar 
relationships in other species including brook 
trout and yellow perch. 

v) Biological Survey 

Much of the concern over the anthropogenic 
acidification of Ontario lakes and streams has been 
directed at its adverse effects on sport fish. In 
recent years, however, it has become apparent that the 
most sensitive organisms are a variety of benthic 
invertebrates that form an important link in the 
aquatic food chain. 

In order to identify the potential extent of these 
damages, a biological survey of softwater Ontario 
Shield lakes will be conducted. 
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The primary objectives of this survey are to identify 
aquatic invertebrates that may be sensitive to low pH, 
and to quantify their response to low pH as a function 
of lake chemistry. 

During FY 1986/87, the survey design was developed. 
Approximately 100 lakes will be selected in the 
Muskoka-Haliburton and Experimental Lakes areas for a 
survey of littoral zone invertebrates. This survey 
will be conducted during FY 1987/88. 

vi) Biological Monitoring 

Several cases of local, abrupt species extinctions 
(e.g. Amnicola in Heeney Lake, Hyallela in Plastic 
Lake) have been documented in the Muskoka-Haliburton 
area. It would appear that, in addition to H + 
sensitivity, certain life history characteristics lead 
to a high probability of extinction over a short 
period of time, even though the degradation of water 
chemistry may be slight. Therefore, depending on the 
species selected, a monitoring programme could detect 
population losses over a relatively short period of 
time . 

During FY 1986/87, the monitoring programme was 
developed and designed for preliminary implementation 
in FY 1987/88. 

Lakes with a range of sensitivity between < 5 ueq/L 
(ultrasensitive) to 80 ueq/L will be routinely sampled 
for species which are normally abundant, have short 
lifespans, and are believed to be sensitive to H + 
including gastropods, amphipods, M ysis relicta , 
crayfish, cyprinids, leeches, and possibly some 
insects . 

This programme will assist in the assessment of the 
effects of long-term trends in lake and stream 
chemistry on aquatic biota. 

vii) Wildlife Studies 

a) Toxicity of Aluminum to Amphibians in Waters 
Containing Natural Organic Acids 

Recent surveys of amphibian breeding ponds downwind 
from the Sudbury smelters have shown that a high 
percentage of these ponds have very low pH and high 
concentrations of aluminum. In a cooperative study 
with McMaster University, the mortality of different 
life stages of the leopard frog ( Rana pipiens ) was 
assessed over a pH range of 4.0 - 6.5 and an aluminum 
concentration range of - 1,000 ug/L. Investigations 
were also carried out on the interaction of aluminum 
and natural organic compounds in relation to aluminum 
toxicity to amphibians. 
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Leopard frog ( Rana pipiens ) embryos were the life 
stage most sensitive to low pH, newly hatched tadpoles 
were intermediate in tolerance, while fully developed 
tadpoles were the most tolerant life stage. 

Aluminum was moderately toxic to embryos, but only at 
pH greater than 4.6. At pH 4.2 and 4.4, aluminum 
alleviated pH toxicity. Aluminum was extremely toxic 
to newly hatched larvae at all pH's above 4.2; 
however, aluminum seems to have no adverse effects at 
pH 4.2. Fully developed tadpoles (three weeks old) 
were extremely tolerant to aluminum. 

While free aluminum is toxic to amphibians, waters 
with natural organic compounds (humic, tannic acids, 
etc.) appear to have an ameliorating effect on Al and 
metal toxicity to amphibians. In situ toxicity tests 
and transplants are in progress in 1987 to verify 
laboratory observations in the field. 

b) Cadmium Burdens in Waterfowl 

This cooperative program among Trent University, Royal 
Ontario Museum and the Ministry of Natural Resources 
was established to determine the level of cadmium and 
its distribution in the common goldeneye. Cadmium 
levels in different age and sex classes of waterfowl 
will be examined. The measurement of cadmium levels 
in feathers as a reliable non-fatal field sampling 
technique for waterfowl is also being assessed. 
Implications for ingestion of these waterfowl by 
humans and other predators will be examined. 

Results to date have shown feather cadmium levels 
higher by a factor of 10 than those reported in other 
published Canadian studies. A significant difference, 
at variance with most published findings, was also 
noted between sexes for the mean cadmium level in 
primary feathers. Continuation of these studies in 
1987-1988 will correlate Cd feather levels in 
goldeneye and other species to internal body burdens 
of this metal. 

C. Remedial Methodologies Development 
i ) Whole Lake Liming 

Recognizing that lake neutralization is at best a 
temporary measure to delay or reverse the effects of 
acidification, Ontario is pursuing the development of 
lake neutralization expertise as a method of 
protecting and rehabilitating lakes. Even under the 
most optimistic of emission abatement scenarios, the 
significant reduction of acid inputs into many of 
Ontario's lakes is several years away. Lake liming 
may prove to be a feasible interim measure for the 
protection of important gene pools, or the 
rehabilitation of significant sport fisheries. 
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In August of 1983, the first of two whole-lake 
neutralizations occurred. Bowland Lake was 
neutralized with 85 tonnes of finely powdered calcite. 
The limestone was applied in August by a Canso water 
bomber, and the pH of the lake was raised from about 
5.1 to approximately 6.8. Prior to neutralization, 
Bowland Lake water was toxic to lake trout. Yellow 
perch still existed in the lake in a numerous but 
stunted population. The indigenous lake trout and 
white sucker populations had disappeared in the late 
1960's, and repeated efforts to stock the lake had 
failed. 

After neutralization, fingerling, yearling and adult 
lake trout were introduced to the lake. Liming 
Bowland Lake resulted in significant reductions in the 
mortality rates for pre-eyed eggs, eyed eggs, hatched 
fry and caged fry relative to the reference lake. 

However, total mortality levels on Bowland Lake, which 
had been significantly lower than the reference lake 
in the first two years after liming, have risen to 
where they are similar to the reference lake. This 
indicates a slight deterioration in the protective 
effect of liming. 

Only two lake trout spawning shoals were active in 
1986 compared to five in 1985. No fish were observed 
on shoals but egg deposition was documented. 

The perch population has declined by 61% from last 
year and is now similar in size and biomass to 
pre-neutralization levels. The growth rate and 
condition of the perch in Bowland Lake have declined 
dramatically from last year. 

The filamentous algae which had previously been quite 
numerous, virtually disappeared the year after liming. 
However, the population has been reestablished and 
biomass is back to preliming levels, although there 
has been a marked change in species composition. 

The second whole-lake neutralization occurred in May, 
1984. Trout Lake, near Parry Sound, was a low 
alkalinity lake, with a self-sustaining trout 
population. The liming of Trout Lake demonstrated no 
adverse biological effects associated with lake 
liming. No significant mortality occurred in lake 
trout or in rainbow trout suspended in cages around 
the lake during the liming operation. Assessments of 
the fish community were made in 1986 and no changes 
were observed. 
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ii ) Liming of Spawning Shoals 

Preliminary experiments investigated the feasibility 
of treating lake trout spawning shoals with crushed 
limestone. In acidic Laundrie Lake, near Sudbury, 
incubation of lake trout eggs/sac-fry within plots of 
natural and limestone rubble showed improved survival 
in the limestone plots. Supporting behavioural 
studies in non acidic Miskokway Lake, near Parry 
Sound, indicated that spawning lake trout do not avoid 
natural shoals artificially covered with limestone. 
Expanded studies are planned for 1987/88 to more 
thoroughly assess mortality and water chemistry. 

On the basis of the positive results to date, 
site-specific shoal liming offers considerable promise 
as a mitigative technique - both as an additional 
protective measure in conjunction with whole-lake 
liming, or as the sole measure required in lakes where 
water quality problems occur only during spring 
runoff. An obvious advantage of shoal liming is its 
much reduced scale, and lower cost in comparison to 
whole-lake neutralization. Potentially, shoal 
treatments may also exhibit longer duration than 
whole-lake applications. 

Completion of these studies should identify the 
feasibility and expected benefits of shoal liming as a 
mitigative technique for Ontario lakes. 

iii ) Future Work 

A five year followup study was contracted out in 
1986/87 to answer more questions and obtain important 
management information. This additional study will 
permit comparison of observed chemical trends with 
patterns predicted on the basis of reacidif ication 
models and will provide insight on early biological 
changes during the reacidif ication of neutralized 
lakes. Further studies will also examine the 
feasibility and benefits of shoal liming. 

D. Laboratory Support and Quality Assurance 

The total Water Quality Section testload for Task 2 during 
fiscal year 1986/1987 was 143,770 tests. 

The Inorganic Trace Contaminants Section performed a total 
of 22,168 tests for Task 2 in fiscal year 1986/1987. 
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TASK *3 - TERRESTRIAL EFFECTS STUDIES 
A. Vegetation Studies 

i ) Lichen and Bryophyte Study 

Lichens obtain a substantial portion of their 
nutrients from the air and from precipitation. Since 
their chemistry reflects concentrations and deposition 
of atmospheric elements, they have been used as air 
quality indicators. 

Lichens and mosses have been obtained and chemically 
characterized from approximately 50 locations across 
Ontario. Variability in chemical composition at given 
sites and during the growing season have also been 
determined. Interspecific comparison of chemical 
content between two lichen species has revealed close 
similarities, while significant differences have been 
observed between lichens and mosses. 

Metal levels in lichens are strongly influenced by 
their proximity to major sources of metal-contaminated 
particulates. The sulphur content of lichens exhibits 
a south-to-north decrease in concentration. The 
elemental composition of wet deposition can account 
for only part of the variability seen in the chemical 
content of lichens. Gaseous and airborne particulate 
materials and perhaps the chemistry of the substrate, 
may also be required to account for the remaining 
variability. 

Other activities under the Lichen and Bryophyte Study 
included inventories of species at three biological 
sites (see Task 3C) and the establishment of 
photometric plots of lichens to determine growth 
rate . 

A draft of the final interpretative report was 
reviewed and the final version is due early in FY 
1987/88. Voucher specimens of lichens and mosses from 
across the province have been deposited in the 
herbaria of regional and ARB offices. 

ii) Mobile Rain Exclusion Canopies 

a) Soybean Yield Effect Study 

A fully automated rain exclusion canopy (REC) system 
is being utilized at the MOE phytotoxicology 
laboratory in Brampton to assess the impact of acid 
deposition and ozone on agricultural crops as well as 
commercially valuable forest trees. The system 
consists of three, mobile greenhouse shelters which 
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exclude ambient rainfall and apply simulated acid rain 
(SAR) treatments to test plants established in field 
plots. All aspects of the field system are controlled 
by a microcomputer and data acquisition system. In 
addition, elevated ambient levels of gaseous 
pollutants (e.g. 03, SO2, N0 X ) are reduced in field 
plots via an air exclusion system consisting of large 
blowers, potassium permanganate-treated alumina 
filters and perforated polyethylene tubes. Gaseous 
pollutants such as ozone can be injected into the 
treatment plots via the blowers. 

As in 1985, the REC system was utilized to determine 
the effects of SAR treatments (pH 3.07, 3.19, 3.35, 
3.60, 4.30) and ozone on Hodgson soybean as measured 
by seed yield (kg/ha), seed weight, number of pods per 
plant, number of seeds per pod, number of seeds per 
plant and plant height. Statistical analyses of the 
harvest data indicated that there were no significant 
yield effects. The results of the two year study with 
Hodgson soybean will be published in 1987. 

Scientists from the "Institut fur Producktions und 
Okotoxicologie" , Braunschweig, West Germany cooperated 
with MOE staff in this study. Soybean leaf samples 
were collected from test plants in the REC system 
plots, were freeze-dried and sent to Germany for 
biochemical analyses of: 

a) proline content, 

b) sugar content (fructose, glucose, saccharose), 
and 

c) activities of enzymes - peroxidase, glutamase, 
dehydrogenase, acid phosphatase, superoxide 
dismutase . 

b) Multi-Year Study with the REC System to Determine 
Joint Effects of Simulated Acid Rain, Ozone, and 
Soil Nutrient Stress on Sugar Maples and White 
Spruce 

During the spring of 1986, 1,500 sugar maple 
transplants from the Dorset area and 1,500 white 
spruce seedlings from the MNR Midhurst nursery were 
potted in mineral soil from a site near the Leslie 
Frost Centre and were placed in establishment plots in 
the field next to the mobile rain exclusion canopies. 
A shade cover was erected over the sugar maple plots 
to provide 40% shade to the trees. The plots were 
irrigated and weeded throughout the summer of 1986. 
The most vigorous individuals will be transferred to 
the treatment areas under the REC system in the spring 
of 1987. 
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For each of the three canopies, potted sugar maple and 
white spruce seedlings will be placed in various plots 
and subjected to ozone and SAR treatments over the 
entire growing season. Several non-destructive 
measurements will be made on the seedlings: 

1. visible injury rating, 

2. photosynthesis rates, 

3. bud analysis (frost hardening in spruce 
buds) , 

4. throughfall and soil leachate chemistry, 

5. plant height, stem diameter, leaf number, leaf 
dimensions, and 

6. chlorophyll analysis of leaf disks. 

Destructive measurements will be made on selected 
seedlings to investigate: 

1. internal changes in cell size and shape, 

2. physical and chemical changes in roots, and 

3. mycorrhizae. 

Researchers at the MNR Ontario Tree Improvement and 
Forest Biomass Institute in Maple, Ontario expressed 
interest in cooperating in the study. They will 
provide MOE with fast growing poplar hybrid cuttings 
which can be transplanted to the treatment plots along 
with the potted maple trees to provide shade and 
reduce wind in the plots. The poplars will be useful 
in standardizing photosynthesis measurements with the 
Licor 6200 photosynthesis analyser which was recently 
purchased for this study. 

iii ) Greenhouse Experiments 

An indoor greenhouse experiment (initiated in 1985) 
was repeated to investigate the joint effects of 
simulated acid rain and gaseous pollutants on the 
growth and yield of potted Hodgson soybean plants. 
Plants were exposed to six SAR treatments and three 
ozone treatments in rain chambers and fumigation 
chambers respectively. Results suggest that plant 
biomass is reduced by ozone but not by simulated acid 
rain. 

The second phase of an indoor experiment with potted 
radish plants was conducted to determine the effects 
of simulated acid rain application (frequency, 
duration and acidity) on dry shoot and dry root 
biomass. Results suggest that all three variables 
play a role in foliar injury and reduction of 
biomass . 
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B. Soil Studies 

Baseline Studies 



This study was designed to document changes in soil 
due to acidic deposition. Since 1980, over 400 soil 
baseline sites have been sampled across Ontario. In 
FY 1986/87, five soil sites, originally sampled in 
1980, were resampled in order to monitor changes in 
soil properties which may have been caused by acidic 
precipitation. Editing and compiling of baseline soil 
data collected in 1982-83 were undertaken in FY 
1986/87. A second report on the Soil Baseline Survey 
will be prepared to complete this soil database. 

C. Forest Productivity and Decline Studies 

i ) Maple Decline Study 

This study was initiated in 1984 to determine the role 
that acidic deposition is playing in the decline of 
woodlots being managed for maple syrup production in 
the Muskoka/Haliburton area of Ontario. Permanent 
observation plots were established to assess tree 
condition and each of the 8 woodlots were intensively 
sampled. A report on the results of the 1984 sampling 
program was published in FY 1985/86 indicating that 
acidic deposition was an additional stress to the 
severe epidemic of forest tent caterpillar in the late 
1970s, combined with spring droughts in 1976, 1977 and 
1983. Armillaria mellea , tree age and site management 
also were contributing factors. 

In 1985/86, all plots established in 1984 were 
re-assessed for changes in tree condition. An 
additional three sites were sampled; one in Algonquin 
Park in an unmanaged stand, and two near Peterborough 
on calcareous, well-buffered soil. The results of the 
1985 field investigations will be compiled in a final 
report in FY 1987/88. 

A joint OMAF/MOE questionnaire was distributed to 600 
Ontario Maple Syrup Producers Association members to 
ascertain their perception of the decline problem in 
their own woodlots. Fifty percent of the members 
responded. Of those, 1/3 felt that there was a 
decline problem in their woodlots. Decline was most 
common amongst producers in Prescott and Elgin 
Counties and in the Parry Sound District. However, 
there were no consistent geographical trends in 
decline severity across the province. 
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ii) Forest Growth Study 

Concern has been raised by studies in the United 
States and Europe that acid deposition and other air 
pollutants may play a role in the reduction of tree 
growth rates. 

This tree growth study is being conducted by the 
University of Toronto's Faculty of Forestry with APIOS 
funding. It is a continuation of a study which began 
in 1962. Originally, trees were tagged and measured 
on a number of lots in the vicinity of Dorset. The 
trees were remeasured in 1972 and again in 1983 and 
1984. This unique record provides an opportunity for 
a detailed analysis of tree growth and stand dynamics 
and attempts to examine the effects of acidic 
deposition on these features. Factors including 
climate, disease, disturbances, site condition, tree 
age and competition all must be evaluated and 
quantified before air pollution stresses can be 
interpreted. An effort to index individual tree 
competition stresses was a major field activity during 
the summer of 1985. Trees in the study plots were 
assessed for competition by neighbours using angle of 
influence measurements. 

This study was concluded at the end of FY 1986/87 and 
a final report is due early in FY 1987/88. 

iii ) Dendrochronology and Hardwood Decline Studies 

The dendrochronology study of sugar maples is designed 
to determine whether growth decline is occurring 
across the province within three forest sectors. 
Fifty-four plots have been sampled both destructively 
and by extracting increment cores. Data analysis 
using the Tree Ring Increment Measurement (TRIM) 
System has been performed over FY 1986/87. 
Ultimately, these growth chronologies for sugar maple 
trees in Ontario will provide valuable baseline 
information for examining future changes in forest 
growth. 

In FY 1985/86 and FY 1986/87, a contract was awarded 
to determine the incidence and severity of hardwood 
decline across the province and to establish growth 
chronologies for sugar maple in the province. A 
survey of sugar maple stands has been conducted by 
establishing 110 permanent observation plots across 
the province. Each tree within the plot was assessed 
according to the amount of dead branches, chlorosis 
and undersized leaves in the crown and given a decline 
rating. Data from this survey indicate that decline 
indices follow climatic (temperature) isoclines, 
increasing as one moves northward with the exception 
of the southernmost part of the province. 
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D. Wildlife Studies 

i ) Cadmium Levels in Ontario Moose and Deer 

Environmental contamination by toxic metals, such as 
cadmium, and accompanying effects on wildlife and man 
are of increasing concern in Canada and other parts of 
the world. Cadmium occurs naturally at low levels in 
the ecosystem but the levels have increased due to 
atmospheric emissions from mining and smelting 
operations and from the combustion of fossil fuels. 
Recently, concern has been expressed that geographic 
regions characterized by poorly buffered soil may have 
higher levels of cadmium because of accelerated 
leaching due to increased acid precipitation. 

The metal concentrates in some organs of longer-lived 
species such as moose and white-tailed deer, and may 
be toxic to human consumers at high levels of 
exposure. 

In 1984, a preliminary study by MNR raised concern 
about cadmium levels in wildlife in Ontario when it 
revealed cadmium concentrations in samples of moose 
tissue from the Huntsville site two to three times 
higher than those found in Sweden. The 1985-1986 
study examined the levels of cadmium in the kidney, 
liver and muscle of moose and deer in Ontario. Muscle 
samples were taken as an added precaution because of 
concern for public health. Objectives were to: 
determine the levels of cadmium in tissues of moose 
and deer in Ontario, determine regional differences in 
cadmium levels in moose and deer, examine the reasons 
for these differences and assess the implications of 
consumption of cadmium-contaminated animals by humans 
and other predators. 

Results showed levels of cadmium in Ontario moose are 
comparable to or higher than those found in Quebec and 
were considerably higher than those found in Manitoba, 
Maine and Scandinavia. Concentrations of cadmium in 
moose were highest in kidney, decreasing in liver and 
often undetectable in muscle tissue. Cadmium levels 
in moose kidneys differed among sampling sites 
throughout Ontario. The highest levels were seen in 
both the area in and around Algonquin Park and 
St. Joseph Island, both sites where the annual wet 
deposition of cadmium is high relative to other areas 
sampled . 

Cadmium levels in the tissues of deer were 
consistently lower than in moose, probably a result of 
the different dietary habits of deer which consume 
less cadmium-rich aquatic vegetation and more annual 
plants than moose. The non-buffered Loring site was 
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significantly higher in overall deer kidney cadmium 
levels than either of two buffered sites (Huronia and 
Manitoulin) . 

Geochemical sensitivity of the soil and bedrock may 
increase the mobilization of cadmium in the 
environment. However, other factors such as plant 
species composition, local areas of high soil cadmium 
or proximity to atmospheric contaminants may also play 
a role in the contamination of wildlife. 

In 1987, cadmium accumulation in the aquatic and 
terrestrial forage of moose will be examined. In 
addition, the relationship between cadmium 
contamination of forage, soil and bedrock 
characteristics will be assessed. Results will be 
correlated with OMNR analyses of cadmium levels in 
moose tissues from the same area. 

ii) Relationship of Soil Acidification to Cadmium Levels 
in White-tailed Deer Forage and Pellets 

This cooperative program between Laurentian Unversity 
and MNR has been set up to determine cadmium levels 
and pH of surficial soils in deer yards designated as 
either geophysically sensitive (non-buffered) or 
tolerant to acid precipitation (buffered). It is also 
designed to relate cadmium burdens in surficial soils 
to levels present in major forage species of deer, and 
to assess the use of deer fecal pellets as 
bioindicators of the availability, exposure level 
and/or body burden of cadmium. 

Results to date have shown higher pellet cadmium 
levels in the non-buffered deer yards than in the 
buffered yards. Work in 1987 will correlate cadmium 
burdens of forage, pellets and soil with cadmium body 
burdens accumulated by resident deer. 

iii ) Cadmium Levels in Black Bears 

Black bears may be vulnerable to cadmium contamination 
because a large portion of their diet consists of 
vegetation. The cadmium biomonitoring program was 
expanded in 1987 to include a limited sampling of bear 
tissue in order to establish cadmium levels in bears 
and appropriate guidelines for human consumption. 

iv) Indicators of Cadmium Exposure and Health Effects on 
Moose and Deer 

The relationship between levels of metallothionein (a 
metal-binding protein) in the liver and kidney of 
moose will be examined through a cooperative program 
with University of Western Ontario. Metallothionein 
may prove to be useful as an indicator of cadmium 
exposure in wildlife. 
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The effects of cadmium contamination on the health of 
wildlife populations will be assessed by determining 
possible morphological damage in kidney and liver of 
moose and deer with high cadmium levels. 

E. Laboratory Support and Quality Assurance 

Water Quality Section performed 1,458 tests associated 
with Task 3 and 1,510 were performed by Inorganic 
Trace Contaminants Section. 

During the fall of 1985, the soils lab was transferred 
to Dorset to handle the APIOS soils work and a 
low-level special fluoride workstation was set up. A 
new lab trailer and analytical equipment (atomic 
absorption spectrograph and an ion chromatograph) were 
fully operational by June 1986. 

With the special analytical requirements for low-level 
metal analysis in Dorset, a clean room (Class 100) was 
required. Construction of the facility began early in 
1986 and new analytical instrumentation was purchased 
(two ASV units, one with an autosampler) . The clean 
room was fully operation by fall, 1986. 

Implementation of a national quality assurance program 
for terrestrial effects monitoring studies was 
initiated in FY 1986/87. The objectives of this 
program are to standardize field and laboratory 
methodology, where possible, between agencies and to 
ensure data quality for terrestrial effects studies. 
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TASK *4 - BIOGEOCHEMISTRY STUDIES 
A. Biogeochemical Study Sites 

i ) Monitoring Programmes 

The biogeochemical monitoring programmes were 
continued during FY 1986/87 at the following sites: 
Plastic and Harp Lakes in south central Ontario and 
Hawkeye Lake in northwestern Ontario. The monitoring 
programme at the High Falls site near Sudbury was 
discontinued. These sites have been established in 
order to investigate the interaction between 
deposition, vegetation, soils, ground and stream 
water . 

The Hawkeye Lake site near Thunder Bay is 
representative of a low deposition area (annual wet 
sulphate deposition is approximately 10 kg/ha*yr). 
The programme in FY 1986/87 included monitoring at the 
following installations: 

a meteorological station; 

a heated streamflow gauging station; 

standpipes for ground water monitoring; 

tension and zero-tension lysimeters; 

soil suction tensiometers; 

chemical sampling stations along open-water 

streamflow channels and at soil water seeps; 

leaf and twig litter decomposition stations. 

The two southern Ontario sites are representative of 
a high deposition area (annual wet sulphate deposition 
is approximately 30 to 35 kg/ha-yr). 

The monitoring programme at each of these two sites 
included data collection at the following on-site 
installations : 

meteorological/precipitation chemistry 

stations; 

heated streamflow gauging stations; 

tension and zero-tension lysimeters; 

soil suction tensiometers; 

chemical sampling stations along open-water 

streamflow channels and at soil water seeps. 

At the southern sites, the leaf litter study has been 
completed. 

Throughfall and stemflow monitoring studies were 
completed at all three sites. Emphasis is now on: 

a) soil water monitoring using zero tension 
lysimeters and tension lysimeters, and 

b) to relating the lysimeter data with the stream 
chemistry data. 
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The monitoring programmes are scheduled to continue at 
all three sites for FY 1987/88. 

ii ) Data Workup Projects 

a) Plastic/Harp Lakes 

The effect of acid precipitation on the 
biogeochemistry of these two contrasting forest 
ecosystems in the Muskoka-Haliburton area has been 
under investigation since 1981. 

Since the initiation of the study, various data have 
been collected at Harp 4 and Plastic 1 { subwatershed 
sites) incuding: 

i) data on forest inventory and elemental 
composition of components of selected 
harvested trees to be used for the 
estimation of standing crop biomass and 
bioelement content of the standing crop in 
the study watersheds, 

ii) data on the physical and chemical properties 
of the soils in the study watershed to be 
used in the classification and estimation of 
soil nutrient reserves, 

iii) data on litterfall, and 

iv) data on leaf-litter decomposition. 

During FY 1986/87, these data were worked up and 
analysed by an external contractor. Data reports were 
prepared and submitted for all of the above areas. In 
addition, an experimental design for estimating annual 
bioelement accumulation was prepared by an external 
contractor . 

This information is vital for the modelling of the 
effect of acid precipitation on biogeochemical cycles 
and lake acidification processes in the 
Muskoka-Haliburton area. 

b) Hawkeye Lake 

The biogeochemical monitoring programme at the Hawkeye 
Lake site, about 40 km north northwest of Thunder Bay, 
has been underway since 1983. 

In FY 1986/87, a contract was awarded for the workup 
and preparation of data reports in the following 
areas: 

field procedures manual; 

incident precipitation and deposition 

studies; 
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grove throughfall and stemflow studies; 
stream water, ground water, snowpack and lake 
studies; 

forest inventory and biomass/bioelement 
standing crop; 
- soil mapping, classification and 
nutrient/element inventories; 
litterfall studies; 
litter decomposition; 
soil leaching experiment. 

Again this information is vital for the development of 
biogeochemical and lake acidification models. 

c) High Falls 

All studies at the High Falls site near Sudbury were 
terminated on March 31, 1986. 

A contract was awarded in FY 86/87 to verify and 
tabulate all data collected at the site since its 
establishment in 1983. This project was not completed 
by the end of the fiscal year and will have to 
continue into FY 1987/88. 

The information collected at this site will be of use 
in modelling the effects of acid precipitation at a 
medium deposition loading location (annual wet 
sulphate deposition of 20 kg/ha*yr). 

d) Throughfall and Stemflow Data Workup 

In addition, data generated by three and a half years 
of bulk incident precipitation, throughfall and 
stemflow collections at Plastic and Harp Lake 
watersheds have been undergoing intensive validation 
and review. This work will continue in FY 1987/88 
with an analysis of the effect of tree species, 
season, storm intensity, length of preceding dry 
period, etc. on the chemical composition and flux in 
throughfall and stemflow. Comparisons with similar 
data from the High Falls and Hawkeye Lake sites will 
attempt to interpret the role of differences in 
atmospheric deposition on the throughfall and stemflow 
processes . 

B. Process Studies 

i ) Bioaccumulation of Nutrients 

The annual increment of basic cations, N, S, and P in 
the upland forests ecosystem including major tree 
species, litter and organic soil components will be 
measured for the Harp, Plastic and Hawkeye Lake study 
areas . 
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Using these data, the rate of proton production by 
forest growth will be calculated from the net 
difference in anion and cation assimilation and 
compared to rates of proton loading by atmospheric 
deposition, and proton consumption of abiotic soil 
processes. The standing crop measurements will then 
be compared between stands, with other forest stands 
in different deposition zones, with known nutritional 
requirements of the major tree species, and with soil 
content and availability. 

This study will assist us in assessing whether current 
rates of nutrient uptake are sufficient or 
insufficient to maintain normal forest productivity, 
and whether acid deposition is affecting these rates. 

ii) The Effect of Acid Deposition on Natural Mineral 
Weathering Rates 

This project will assist in defining the interactions 
between various components of the terrestrial system 
and components of the aquatic system. 

The project is being conducted by Prof. Nesbitt at the 
University of Western Ontario. MOE staff will assist 
in selecting a suitable study catchment. 

The first phase will involve four activities: 

identification of weathering reactions in the 
catchment; 

major element mass balances and rates of 
reaction; 

behaviour of trace elements in the catchment; 
- surface studies. 

The second phase will include: 

experimental studies with strong, weak and 
organic acids; 

comparative study of catchment waters and 
experiments . 

A kinetic-thermodynamic model will be developed to 
simulate weathering of minerals and rocks in 
different environmental settings and under different 
physical and chemical conditions. 

The mineral weathering information will be 
incorporated in the models of long-term changes in 
stream chemistry to determine the rate of 
acidification in the Muskoka-Haliburton area. 
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iii) Aluminum Geochemistry in Catchments Stressed by Acid 
Deposition 

Acidification increases aluminum levels in aquatic 
systems. This project will help define the sources 
and mechanisms for the increase in aluminum. 

Previously developed analytical methods for speciating 
aluminum in stream samples are being modified for use 
on soil leachates. A manuscript comparing an 
automated aluminum speciation method with our older 
method has been completed. 

The hypothesis that differences in bulk soil 
extractable aluminum are translated into differences 
in soil solution aluminum chemistry is being tested by 
comparing the soil solution aluminum chemistry of Harp 
and Plastic catchments (which have significantly 
different bulk soil aluminum chemistry). This 
information will allow us to determine the soil 
horizon that is the source of the aluminum. 

Mineralogical differences between Plastic and Harp 
Lake soils are to be investigated in laboratory 
leaching experiments designed to identify which 
compounds are dissolving into solution giving the high 
aluminum levels. 

iv) Sulphur Cycle Study 

Information on the sulphur cycle is key to both the 
aquatic and biogeochemistry components of the APIOS 
programme . 

This study has the following objectives: 

- to determine the extent that sulphate adsorbed 
to soil Fe and Al oxides is a major sink in 
upland forest soils; 

to determine the extent that sulphate is 
incorporated into upland forest biomass 
relative to that adsorbed in the mineral 
fraction of upland forest soils; 
to determine the saturated sulphate retention 
capacity; 

to determine effective rate constants for 
catchment sulphur uptake and release as a 
function of deposition rates; 
to determine the extent that mineral 
weathering is releasing authigenic sulphur as 
sulphide . 

Work to date has indicated that water soluble sulphate 
is found mostly in the upper organic horizons, whereas 
adsorbed sulphate is primarily in the B horizons. 
Effective rate constants for catchment sulphur uptake 
and release as a function of deposition rates will be 
used in the long-term catchment acidification model. 
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C. Laboratory Support and Quality Assurance 

Water Quality Section performed 70,475 tests and Inorganic 
Trace Contaminants Section performed 12,090. Developmental 
work at the Dorset lab consisted of optimization of the 
Anodic Stripping Voltametry methods for the analysis of 
ultratrace levels of metals in surface water. Methods are 
now on line for zinc and copper using the Hanging Mercury 
Drop Electrode technique and for lead by the Rotating Disc 
Electrode method. 

In the summer of 1986 further work was done on soluble and 
adsorbed SO4 in Dorset soils. The procedure for adsorbed 
SO4 was refined and put on line. 
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TASK »5 - SOCIO ECONOMIC ACTIVITIES 

A. Damages and Benefits 

i ) Financial Value Models Review Study 

In 1980-81, the Ministry commissioned the development 
of computer models that could be used to estimate the 
biophysical effects of acid deposition in Ontario. 
Models were developed for commercial fisheries, 
forestry, agriculture, materials and commercial furs. 

A critical review of the following three models was 
undertaken: forestry, agriculture and materials 
corrosion. A consulting group was retained to review 
the structure and logic of these models and propose 
such revisions as necessary to update them. 

The work has been completed and a report with the 
consultant's recommendations for revising the models 
is now available. Model revisions will be carried out 
in FY 1987/88. 

ii ) Lake Algae Study 

Recent evidence suggests that acidification has 
resulted in the increased growth of: 

a) filamentous algae which can form slimy, 
unpleasant aggregates in nearshore areas and 

b) Chrysochromulina breviturr i ta which produces a 
rotten cabbage-like odour. 

A two-year study was undertaken to determine the 
incidence of these algae and their effects on lake 
use. 

The Ministry developed an innovative survey approach 
to sample a limited number of lakes and the results 
were then extrapolated to generate accurate estimates 
of algae conditions for the entire region. 

A pilot study, conducted in 1985 on ten lakes for 
which the Ministry had reliable data on algae 
presence, demonstrated that cottagers' perceptions 
could be used to accurately identify the presence of 
both types of algae. 

The main survey was undertaken in 1986 and included 
over 5,2000 cottagers on 204 lakes in the Districts of 
Parry Sound and Muskoka, the County of Haliburton, 
small adjacent portions of Nipissing District and the 
Counties of Victoria and Peterborough. 
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The study found that some or considerable filamentous 
algae were present in 48% of central Ontario lakes, 
while odour-producing algae were present in only 6% of 
these lakes. Lakes in Muskoka have a somewhat higher 
incidence of both filamentous (54%) and 
odour-producing (12%) algae. A definite relationship 
between the presence of algae and acid sensitivity of 
the lake was found, although a cause and effect link 
remains to be established. 

Not surprisingly, almost all cottagers who reported 
algae in their lake expressed concern about it. A 
substantial number of cottagers indicated that both 
types of algae affected their general enjoyment of 
their lake as well as specific activities (e.g. 
swimming and boating). Most cottagers considered the 
algae to be as serious as other lake-related problems, 
such as acid rain, declining water quality and too 
much recreational activity. 

iii ) The Value of Recreational Fishing 

The recreation use of many Ontario lakes is impaired 
by water quality problems such as acidification, 
eutrophication, or contamination. These problems can 
lead to loss of economic value or enjoyment by 
recreationists, and to loss of economic activity or 
sales by the recreation service sector. 

A consulting company was retained to conduct a study 
of the beneficial consequences and attributes of 
recreational fishing lakes which might be subject to 
lake rehabilitation and environmental protection 
efforts . 

The consultants produced an analytical framework to 
assess the economic implications of specific lake 
reclamation projects. 

B. Costs of Abatement and Mitigation 

No specific studies of abatement costs have been carried 
out by the Ministry. The four major firms targeted by the 
Countdown Acid Rain program (Ontario Hydro, Inco, 
Falconbridge and Algoma Steel), will be required to 
submit cost estimates of abatement programs. 

C. Strategy Developaent and Evaluation Tools 

No specific investigations were commissioned in this area 
during the 1986/87 fiscal year. It is worthy of note, 
however, that the Ontario Environmental Protection Act was 
amended during this period. The amendment, Bill 112, 
contained three provisions. 
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First, maximum fines for a variety of environmental 
offences were increased. Second, the duties and 
responsibilities of MOE officials and the liability of 
company officials were clarified. Finally, the amendment 
includes Part X-A, which gives Ministry officials the 
authority to require a person to whom a ministerial order 
or approval is issued to provide or deposit financial 
assurance for: 

- the performance of any action specified, 

the provision of alternate water supplies to 

replace contaminated source, 

measures to prevent adverse effects upon and 

following the closing of any works or 

facilities. 

Results of previous studies on economic implementation 
policies commissioned under the auspices of APIOS were used 
in the design and development of the financial assurance 
provision of the amendment. These investigations provided 
evaluations of different economic incentive policies which 
assisted in focusing Ministry recommendations on the 
financial assurance policy instrument. 
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TASK »6 - LEGAL INITIATIVES 

A. Provincial Initiatives 

Since 1980, Ontario has believed that there was sufficient 
evidence to implement SO2 controls immediately while 
research continues to evaluate the benefits of these 
controls. As a result, Ontario was the first jurisdiction 
in North America to mandate emission controls based solely 
on the effects of long range transport of air pollutants, 
as distinct from local ambient air quality standards. 
Ontario Hydro and Inco were the targets of these controls. 

In the absence of an acid rain agreement with the United 
States, the eastern Canadian provinces and the federal 
government decided in March 1984, to take unilateral action 
and reduce their sulphur dioxide emissions to a ceiling of 
2.3 million tonnes by 1994, a 50% reduction from the 1980 
base case year. On February 5, 1985, they agreed to the 
series of steps to achieve the first 1.9 million tonnes of 
this reduction and committed to determining the allocation 
of any further reductions in sufficient time to achieve the 
1994 objective. 

In December, 1985, Ontario announced its Countdown Acid 
Rain program and put into place the regulations which 
required substantial further reductions of the emissions 
which contribute to acid rain. Almost 80% of all 
Ontario-produced SO2 emissions come from four sources; 
Inco, Ontario Hydro, Algoma Steel (Wawa) and Falconbr idge . 
The regulations require a series of staged reductions to 
allow time to acquire and install new pollution abatement 
measures or new, less polluting technology to meet the new 
limits. The new limits require reductions from a permitted 
Ontario 1980 base case of 2,194 kilotonnes to less than 
885 kilotonnes by 1994. Further information on Ontario's 
Acid Gas Control Program 1986-1994, is provided in the 
report entitled Countdown Acid Rain . 

The new regulations require that the companies submit semi 
annual reports to the Ontario government to outline 
compliance and progress towards the 1994 target. The first 
two reports have been submitted by the companies and the 
government is confident that the companies are complying 
with the legal requirements both in meeting the emission 
limits and reporting on abatement development. 

Countdown Acid Rain will do more than just help Ontario's 
environment start back to normalcy; it will also reduce 
acid rain in Quebec and the northeastern United States. 

B. International Initiatives 

Under the Memorandum of Intent signed in 1980, Canada and 
the United States agreed to enforce existing laws and 
regulations in a way which is responsive to the problems of 
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transboundary air pollution. However, since 1981, the 
United States Environmental Protection Agency has proposed 
approving revisions in State Implementation Plans 
(S.I.P.'s) under Section 110 of the U.S. Clean Air Act 
which would lead to increases in allowable sulphur dioxide 
emissions from coal-fired power plants. Therefore, Ontario 
has undertaken to participate in those U.S. proceedings 
which could affect, as a result of long range transport, 
the province's environmental quality. Ontario's efforts 
have been directed at encouraging the U.S. EPA 
Administrator and state governments to disapprove any 
S.I. P. revisions which would result in any increase in 
permissible emissions of SO2 in the U.S. 

In June 1981, Ontario appeared at the U.S. EPA Section 126 
Hearings held in Washington, D.C in support of the States 
of New York, Pennsylvania and Maine in their petition 
concerning Interstate Pollution (Section 126 Clean Air 
Act). This Section provides for the intervention of the 
Administrator of the U.S. EPA in instances when interstate 
air pollution can be shown to be preventing the attainment 
of national ambient air quality standards or interfering 
with those prevention of significant deterioration or 
visibility measures which the Act requires to be included 
as a part of a state implementation plan. New York and 
Pennsylvania maintained that SO2 and particulate sources in 
the midwest (Ohio, West Virginia, Illinois, Indiana, 
Michigan, Ohio, Tennessee and Kentucky) were in fact 
preventing attainment. Maine subsequently consolidated a 
similar petition with New York and Pennsylvania. 

In March 1984, the States of New York, Maine, Vermont, 
Rhode Island, Connecticut and Massachusetts, together with 
several environmental groups and United States citizens 
filed a legal suit against the U.S. EPA that: 

i) the Administrator has violated his mandatory duty 
under Section 126 to issue a final decision on 
the petitions regarding interstate air pollution 
by the deadline (within sixty days) specified in 
the statute and 

ii) that the Administrator has violated his mandatory 
duty to determine which states are contributing 
to air pollution which endangers the public 
health and welfare of Canada and to give notice 
to the Governors of such States to revise the 
State Implementation Plans in order to prevent or 
eliminate harm. 

In December 1984, the U.S. EPA Administrator denied the 
Section 126 petitions having determined that while 
pollution does cross state lines into petitioning states, 
the petitioning states did not adequately support their 
claims of injury. This decision was appealed to the U.S. 
Circuit Court of Appeals. 
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In July 1985, the U.S. federal judge Norma Holloway Johnson 
ordered the U.S. Environmental Protection Agency to set in 
motion the necessary processes to reduce acid rain 
emissions in states where emissions originate. The EPA 
appealed, saying the court-imposed deadline was 
"inadequate". The judge decided, on September 24, 1985, to 
uphold her decision on a nine-month delay, requiring EPA to 
set in motion steps leading to a reduction in emissions 
causing acid rain. The same day, EPA appealed the court 
judgement, questioning the role of the courts and the 
adequacy of programs directed by judicial order in the acid 
rain issue. Ontario obtained party status and field a 
brief. 

In May 1986, U.S. District Court heard arguments from both 
sides and reserved judgement. In September 1986, the U.S. 
Court of Appeals for the District of Columbia Circuit 
rendered its decision to reverse and remand the order to 
District Court with instructions to dismiss. Ontario 
jointly petitioned, with the State of Maine, for a 
re-hearing of the case and was turned down within two 
weeks . 

In February 1987, Ontario and New York filed independent 
petitions to the U.S. Supreme Court to review the entire 
case, using writ of certiorari. 

In June 1987, the Supreme Court rejected the appeal and let 
stand an Appeal Court (September 1986) ruling that 
dismissed the suit. 



- 41 - 

TASK »7 - PUBLIC RELATIONS INITIATIVES 
Muskoka '85 Conference 

The Coordination Office and APIOS staf-f from various 
program areas were involved in the planning and staging of 
the International Symposium on Acidic Precipitation which 
was held in Muskoka in September 1985. Over 700 scientists 
and environmentalists, representing 20 countries, attended 
and took part in the program of symposia and poster 
sessions. Some 500 papers were presented. Proceedings of 
the conference were published in a three volume edition of 
"Water, Air and Soil Pollution" in the Spring of 1987. 

Countdown Acid Rain 

Ontario's new Countdown Acid Rain program was introduced by 
Environment Minister Jim Bradley in a statement to the 
provincial legislature in December, 1985. 

A press conference followed, with two-way video link-ups 
with news conferences simultaneously held in Washington, 
Ottawa, Sudbury, Sault Ste. Marie and Thunder Bay. It was 
the first time Ontario's teleconferencing system was used 
extensively for a major event. 

An information booklet outlining Ontario's acid gas control 
program was prepared and has been widely distributed. The 
first and second semi annual progress reports required of 
the four major SO2 emitters by the new Regulations, 
outlining progress towards achieving the 1994 targets, are 
summarized and reviewed by the Ontario government and 
distributed to the public. 

Public Awareness Activities 

An APIOS Communications Work Group has been reactivated 
with the objective of preparing an effective public 
relations strategy to increase awareness among Ontario and 
American citizens. 

A number of initiatives directly aimed at increasing 
awareness in the U.S. were undertaken with the goal of 
stimulating Americans to pressure their government for acid 
gas controls. Initiatives undertaken included the 
following: 

To increase awareness of the aquatic damage 

caused by acid rain a fact sheet was prepared 

outlining the "history" of a lake as it 
acidifies . 

A poster was prepared picturing seven species 
of fish with the message: GONE FISHING - FISH 
GOING? LET'S STOP ACID RAIN. 
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The Minister and technical staff participated 
in the New York Sportsmen's Show. A booth was 
set up outlining acid rain damages and 
Ontario's control program. The booth was very 
popular with those attending the show. Those 
present were very supportive and many valuable 
contacts were made. 

An acid rain tour for journalists from the 
U.S. was initiated by Environment Canada and 
the Department of External Affairs. A 
briefing in Toronto by senior MOE officials 
was followed by tours of Inco and Falconbridge 
in Sudbury. The journalists also met with 
concerned Muskoka residents. The journalists 
flew to Quebec on the second day and met with 
the Quebec Maple Producers Association. 

In cooperation with Environment Canada, 
Ontario hosted a tour for the U.S. NAPAP 
Director of Research and his senior scientific 
staff. Ontario Hydro's Nanticoke and Bruce 
generating stations were viewed from the air. 
Inco and Falconbridge facilities in Sudbury 
were toured. The party also visited the 
Dorset Research Centre and were briefed on 
work underway on the aquatic, terrestrial and 
biogeochemical effects of acid rain, as well 
as the air monitoring components. 

A tear off card was provided with the 
application form for all non resident angling 
licenses. This card may be returned 
requesting information on acid rain. A 
package of appropriate information was 
assembled and is being mailed out upon receipt 
of the completed card. In this way the user 
group, fishermen, is targeted and informed of 
potential losses in the resource due to acid 
deposition . 

Efforts to increase awareness and maintain interest in 
Ontario included an Open House at Dorset, participation at 
the Toronto Sportsmen's Show and Federation of Ontario 
Cottager's Association meetings. Communications Branch and 
APIOS staff also manned the acid rain display at the North 
American Wildlife Conference in Quebec City. 

Presentations were made at the request of associations and 
special interest groups. Extensive distribution of 
materials continued to students, teachers and the public. 
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SUMMARY 



At the end of Fiscal 1986/87 the APIOS program has 
contributed to the understanding of the acid rain problem 
in Ontario and the following conclusions/milestones were 
reached: 

The Countdown Acid Rain program, announced in December 
1985, has been demonstrated to be an effective 
mechanism for decreasing emissions of SO2 in Ontario. 
Semi annual progress reports are being submitted by 
the four major companies outlining compliance 
activities and abatement technology being 
investigated. 

The eulerian long range transport model (ADOM) was 
installed at University of Toronto's CRAY XMP computer 
and will be used to investigate the impact of emission 
reductions in Canada and the United States. 

Initial planning, site selection and equipment 
acquisition took place for the international 
evaluation and field verification of the eulerian 

model . 

Investigations were conducted into the effectiveness 
of hydrocarbon versus N0 X control in southern 
Ontario as a means to control O3 . Although work is 
continuing, preliminary results indicate that control 
of hydrocarbons may be more effective. 

Programs were developed to merge MDAS meteorological 
data and data from Ontario air quality monitoring 
network so that both types of data may be analyzed 
together . 

Mercury concentrations in acidified lakes are 
typically elevated. Data show that mercury 
concentrations are low in spring but may reach high 
levels in summer or fall. Concentrations in brown 
water streams are about 10 fold higher than in clear 
streams . 

A comparison of data from Daphn i a surveys indicates 
that biomass is reduced after relatively modest pH 
depression. Acidification may be accompanied by 
replacement of acid sensitive species by acid tolerant 
species. Overall, zooplankton biomass increases with 
increases in pH in Dorset area lakes. 

A comparison of survey data indicates that many mayfly 
and stonefly taxa that are intolerant of low pH were 
present 50 years ago and are not present now. By way 
of contrast, preliminary data indicate that blackfly 
biomass has increased. 
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Studies investigating the relative roles of hydrogen 
ion and inorganic aluminum determined that hydrogen 
ion is the master variable driving the response of 
fish to acidification. 

Field and lab data were used to determine the 
smallmouth bass and walleye sensitivity to low pH. 
Estimates were made of the number of lakes where fish 
were either lost (walleye 12, smallmouth bass 57) or 
endangered (walleye 80, smallmouth bass 296). 

Aurora trout have been successfully reintroduced into 
one of the native lakes. Growth and survival will be 
monitored to determine whether these trout will 
reproduce . 

Studies determined that the embryo of the leopard frog 
is the stage most sensitive to low pH. 

Investigation of cadmium levels in goldeneye feathers 
found concentrations that were higher by a factor of 
10 than other published data. 

Studies of cadmium in moose demonstrated levels 
comparable to those found in Quebec and consistently 
higher than those in Manitoba, Maine and Scandinavia. 

Preliminary work correlating cadmium in deer pellets 
from geophysically sensitive and non sensitive areas 
indicates that cadmium levels are higher in deer from 
sensitive areas. 

Results of a joint OMAF/MOE questionnaire distributed 
to 600 Ontario Maple Syrup Producers Association 
indicated that one third of the woodlots were 
experiencing decline. 

Data from 100 hardwood plots across Ontario indicate 
that decline indices follow climatic (temperature) 
isoclines, increasing as one moves northward, with the 
exception of the southernmost part of the province. 

The financial value model developed in 1980/81 was 
reviewed in terms of improving and updating the 
forestry, agriculture and materials corrosion 
components . 

A questionnaire survey of 5,200 cottagers on 204 lakes 
determined that filamentous algae are present in 47% 
of central Ontario lakes and odour producing algae are 
present in 6% of the lakes . 

A number of public relations activities were initiated 
to increase awareness among U.S. citizens of the 
damage being caused to both our environments in an 
attempt to obtain abatement legislation. These 
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initiatives include participation at the New York 
Sportsmen's Show, NAPAP Tour of Ontario research 
projects, journalists tours in Ontario and Quebec and 
the provision of acid rain information to non resident 
anglers fishing in Ontario. 



APPENDIX I 



INTERNATIONAL LRTAP PROJECTS - MOE CO-FDNDING 



Project Title 

Acid Deposition and Oxidants 
Model (ADOM) 



Funding Agencies 

Environment Ontario 

Atmospheric Environment Service 

Umweltbundesamt (West Germany) 

Environment Quebec 

State of Minnesota 

State of New York 

Electric Power Research Institute 



Purpose 

To improve predictions of 
source/receptor relationships, 
through the use of eulerian 
concepts. 



Bilateral Hardwood Decline 
Study 



Environment Ontario 

Ministry of Natural Resources 

Environment Canada 

Department of Natural Resources - 

New Brunswick 
Ministry of Energy and Resources 

- Quebec 
Northeast Forest Cooperative 



A study of the etiology of sugar 
maple decline across 
northeastern North America using 
a common methodology. 



On 



Dry Deposition Intercomparison 
Measurements 



Environment Ontario 
Atmospheric Environment Service 
Illinois State Water Survey 
Nation Aeronautical 

Establishment 
U.S. Department of the Interior 
National Oceanic and Atmospheric 

Administration 
Environmental Protection Agency 
Argonne National Laboratory 
Oregon State University 



To improve quality control and 
comparability of Canada/U.S. 
results. 



Project Title 



Funding Agencies 



Purpose 



Eulerian Model Field 
Verification 



Environment Ontario 

Environment Canada 

U.S. E.P.A. 

Electric Power Research Institute 



A study design has been prepared 
for the field verification of 
the eulerian model. 



Rain Acidity Interlaboratory 
Study of Damage to 
Agricultural Crops 



Environment Ontario 
Boyce Thompson Institute 
Argonne International Laboratory 
Corvallis Environmental Research 

Laboratory 
Oakridge National Laboratory 
Brookhaven National Laboratory 



To measure the effects of 
different pH's on crops and to 
standardize techniques and 
procedures . 

Study has been completed. A 
similar study is being developed 
for exclusion canopy work. 



Reversing Acidification in 
Norway - NIVA 



Environment Ontario 
Norway 
Sweden 

Environment Canada 
United Kingdom 



To test hypotheses on watershed 
sensitivity and to measure 
watershed response to reductions 
and increases in acid loadings. 
This issue has been recently 
raised by the U.S. E.P.A. as an 
impediment to designing a 
control program. 



it* 



Unified Acid Deposition Data 
Base for Eastern North 
America 



Environment Ontario 

Environment Canada 

National Atmospheric Deposition 

Program, U.S. Geological 
Survey 

Battelle Pacific Northwest 
Laboratory, U.S. 



The unified data base should be 
useful for mathematical model 
evaluation and historical trend 
analysis 



INTERNATIONAL LRTAP PROJECTS - MOE PARTICIPATION 



Project Title 

Aluminum Biogeochemistry in 
Forested Watersheds 



Participating Agencies 

Electric Power Research 

Institute 
Environment Ontario 
Environment Canada 
United States 
West Germany 
Norway 
Sweden 
United Kingdom 



Purpose 

To identify and quantify the 
release, transport and toxicity 
of aqueous aluminum in the 
natural environment. Aluminum 
is toxic to both fish and 
trees . 



BACG (Bilateral Advisory 
Consultative Group) 



Environment 
Ministry of 
Ministry of 
Environment 
Environment 
Office of the 
Department of 



Ontario 

Energy 

External Affairs 

Quebec 

Canada 

President 
State, U.S. 



Department of Energy, U.S. 
U.S. EPA 

National Acidic Precipitation 
Assessment Program 



To respond to or implement 
recommendations of the Special 
Envoys' Report 



oo 



CAPTEX Data Analysis and Model 
Comparisons 



Environment Ontario 

Environment Canada 

National Oceanic and Atmospheric 

Administration, U.S. 
Department of Energy, U.S. 



A workshop on the Cross 
Apalachian Tracer Experiment 
(CAPTEX) was held November, 198 5 
to compare model predictions 
with ground-level tracer 
concentrations . 



Free Aluminum in Surface 
Waters 



Environment Ontario 
University of Maine 



Agreement for interchange of 
samples for analysis to 
determine compatabi li ty of the 
methodologies . 



Project Title 



Participating Agencies 



Purpose 



Fisheries Loss Assessment 
Program 



NAPAP 

Environment Ontario 

Ontario Ministry of Natural 

Resources 
EPRI 
Environment Canada 



To assist NAPAP in the design of 
a program to assess fisheries 
loss in the U.S. related to 
acidic deposition. 



Human Health Effects Related 
to Aquatic Effects of Acid 
Deposition 



EPA 

Environment Ontario 

Various State Health Agencies 



MOE has been invited to sit on a 
Committee of experts to 
determine the exact nature and 
extent of these human health 
effects. 



Informal Calibrated Watershed 
Modelling Group 



Environment Ontario 
Environment Canada 
United States 
Norway 
Sweden 



To compare results and ideas on 
watershed studies. The work 
defines effects of acid rain and 
develops target loadings to 
prevent damage. 



Interlaboratory Quality 
Assurance 



Government and private 

laboratories in Canada and the 
U.S. (over 50 labs involved, 
including MOE) 



To ensure the validity and 
compatibility of all data 
collected under LRT programs in 
North America. 



Lake Acidification Mitigation 
Program 



EPRI 

Clarkson College 

Environment Ontario 



MOE has been requested to 
provide advice and information 
concerning lake liming projects 



National Acidic Precipitation 
Assessment Program Review 



Environment Ontario 
Environment Canada 
Fisheries and Oceans 
Canadian Forestry Service 
Government and Private 
Laboratories in U.S. 



Review of NAPAP interim 
assessment document findings. 



Project Title 

National Surface Water Survey 



Participating Agencies 



EPA 

Environment 

Environment 



Ontario 
Canada 



Purpose 

To characterize current water 
chemistry of lakes and streams 
in five U.S. Regions. MOE has 
been requested to assist in the 
development of the survey 
design. 



Ontario/Germany Memorandum of 
Understanding 



Ontario 

Federal Republic of Germany 



To exchange information, 
scientists and modelling results 
to ensure that similar 
methodologies are used so that 
final results may be compared. 



Ontario/Michigan Memorandum of Ontario 
Understanding Michigan 



To exchange information and 
perform joint studies to achieve 
and maintain a quality of 
environment to protect human 
health and the ecosystem where 
activities of one jurisdiction 
may affect the environment of 
the other. 



o 



Ontario/Minnesota Memorandum Ontario 
of Understanding Minnesota 



To exchange information on acid 
rain; to cooperate on specific 
projects (atmospheric modelling, 
RAIN - NIVA, aquatic effects in 
a medium deposition area). 



Ontario/New York Memorandum of Ontario 
Understanding New York 



To exchange information on acid 
rain to improve understanding of 
acidification of the environment 
and establish coordinated 
courses of action in order to 
encourage abatement measures on 
an international basis. 



1 



Project Title Participating Agencies Purpose 

Ontario/NADP Intercomparison Ontario To improve comparability of 

Study - Ely, Minnesota National Atmospheric Deposition data. 

Program 



i 
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APPENDIX II 

A.P.I.O.S. RELATED TECHNICAL REPORTS AND SUBMISSIONS 

1987 

An Assessment of Source Contributions to the Ozone 
Concentrations in Southern Ontario 1979 - 1985. 
Yap, D., Ning, D.T. and Dong, W. Ontario Ministry of 
the Environment Report No. ARB-101-87-AQM. 

Annual Statistics of Concentration and Deposition - 

Cumulative Precipitation Sites in Industrial/Urban Areas 
in Ontario. January 4, 1983 - January 15, 1985. 
APIOS #001/87. 

Annual Statistics of Concentration and Deposition - 
Cumulative Precipitation Monitoring Network 1985. 
APIOS #002/87. 

Technical and Operating Manual. APIOS Deposition Program. 
APIOS #003/87. 

1986 



A Historical Perspective of Sugar Maple Decline Within 
Ontario and Outside of Ontario, December 1986. 
Mcllveen, W.D., Rutherford, S.T. and S.N. Linzon. 
APIOS #010/86 ARB-141-86-Phyto. 

A Unified Wet Deposition Data Base for Eastern North 
America: Addendum with Results for Sulfates and 
Nitrates (1980 - 1983). Prepared by the Unified 
Deposition Data Base Committee (M. Lusis, Coordinator), 
1986. 

An Evaluation of Sampler Types and Sampling Periods for 
Measurements of Wet and Dry Deposition. Chan, W.H., 
Tang, A.J.S., Bardswick, W.S., Orr, D. and M.A. Lusis. 
Report ART-098-85-AQM, 1986. APIOS 19-85. 

Abundance of Chaoborus Larvae in Chub Lake: Sampling 
Methods and 1982 data. Lasenby, D.C , Morris, K. and 
N.D. Yan. Ont . Min. Env. Data Report DR 86/3. 

Assessment of Aquatic and Terrestrial Acidic Precipitation 
Sensitivities for Ontario. D.W. Cowell. Joint Federal/ 
Provincial. APIOS #009/86, ARB-2 20-86-Phyto. 

Bryophyte Flora of Acid-Sensitive Lakes in South-Central 
Ontario: Description and Mechanisms of Sphagnum 
Invasion. Manville, G.C and N.D. Yan. Ont. Min. Env. 
Tech. Rep. (in press). 
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1986 (continued) 



Precipitation and Air Concentration and Wet and Dry 

Deposition Field of Pollutants in Ontario, 1983. Acidic 
Precipitation in Ontario Study. ARB-008-86-AQM. 
APIOS-001-86. 

Procedures Manual - Terrestrial Effects. Acidic 
Precipitation in Ontario Study (APIOS). 
ARB-93-86-Phyto. February 1986. 

Studies of Lakes and Watersheds in Muskoka-Haliburton, 
Ontario: Methodology (1976-1985). Locke, B.A. and 
L.D. Scott. Ont. Min. Env. Data Report DR 86/4. 

Summary: Some Results from the APIOS Atmospheric 
Deposition Monitoring Program (1981 - 1984). 
Tang, A.J.S., Ahmed, A. and M.A. Lusis. ARB-110-86, 
APIOS -011-86, 

User Manual for the Lab Information System (LIS), Dorset 
Research Centre. Nicolls, A., Locke, B.A. and 
S.A. McCormick. Ont. Min. Env. Data Report DR 86/2. 

Inventoried Air Pollution Emissions of Sulphur Dioxides, 
Nitrogen Oxides and Volatile Organic Compounds for the 
Province of Ontario (1980 - 1983). Wong, S.K.S., 
Yap, D. and Huynh, Q.I. Ontario Ministry of the 
Environment Report No. ARB-187-86-AQM. 



1985 



A Unified Wet Deposition Data Base for Eastern North 

America: Data Screening, Calculation Procedures, and 
Results for Sulphates and Nitrates (1980). Prepared by 
the Unified Deposition Database Committee (M. Lusis, 
Coordinator), 1985. 

Air Concentration and Dry Deposition Fields of Pollutants 
in Ontario, 1982. APIOS Report No. 001/85. 

An Assessment of the Performance of the Daily Precipitation 
and Air Sampling Networks, July 1980 - December 1981. 
Acidic Precipitation in Ontario Study. Report 
ARB-100-85-AQM. 

Annual Statistics of Concentration - Cumulative Ambient Air 
Monitoring Network, 1983. Acidic Precipitation in 
Ontario Study. Report ARB-089-85-AQM. 

Annual Statistics of Concentration - Cumulative Ambient Air 
Monitoring Network, 1984. Acidic Precipitation in 
Ontario Study. Report ARB-237-85-AQM. 
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1985 (continued) 

Annual Statistics of Concentration and Deposition - 
Cumulative Precipitation Monitoring Network, 1984. 
Acidic Precipitation in Ontario Study. Report 
ARB-235-85-AQM. 

Annual Statistics of Concentration and Deposition - 

Cumulative Precipitation Sites in Industrial/Urban Areas 
in Ontario, 1981 and 1982. APIOS Report No. 005/85. 

Annual Statistics of Concentration and Deposition - 
Cumulative Precipitation Monitoring Network, 1983. 
Acidic Precipitation in Ontario Study. Report 
ARB-087-85-AQM. 

Annual Statistics of Concentration and Deposition - Daily 
Precipitation and Air Monitoring Networks. Acidic 
Precipitation in Ontario Study, 1983. Report 
ARB-109-85-AQM. 

Annual Statistics of Concentration and Deposition - Daily 
Precipitation and Air Monitoring Network, 1984. Acidic 
Precipitation in Ontario Study. Report ARB-2 36-85-AQM. 

Cumulative Ambient Air Concentration Listings. January 4, 
1983 - January 3, 1984. Acidic Precipitation in Ontario 
Study. Report ARB-088-85-AQM. 

Cumulative (28 Day) Precipitation Chemistry Listings of 
Sites in Industrial/Urban Areas in Ontario, September 
1980 - January 1983. APIOS Report No. 003/85. 

Cumulative (28 Day) Precipitation Chemistry Listings, 

January 4, 1983 - January 4, 1984. Acidic Precipitation 
in Ontario Study. Report ARB-063-85-AQM. 

Daily Ambient Air Concentration Listings. Acidic 

Precipitation in Ontario Study. Report ARB-108-85-AQM. 

The Morphometry and Geology of Plastic and Heney Lakes and 
Their Catchments. Girard, R. , Reid, R.A. and 
W.R. Snyder. Ont . Min. Env. Data Report DR 85/1. 

1983 Daily Precipitation Chemistry Listings. APIOS Report 

No. 004/85. 

Ontario Soil Baseline Survey Analytical Data 1980/81. 
APIOS Report No. 002/85. Three Volumes. 

Quality Assurance Management Programme for the Limnology 
Unit, Dorset Research Centre. Locke, B.S. Ont. Min. 
Env. Data Report DR 85/4. 

Quality Assurance Manual. Deposition Monitoring Networks. 
Acidic Precipitation in Ontario Study. APIOS Report 
No. 006/85. February 1985. 
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1985 (continued) 

The Sarnia Oxidants Study (June 27 - July 18, 1984): 
Analysis of the Air Quality and Meteorological Data. 
Lusis, M.A., Sahota, H. and D. Yap. Report 
ARB-124-85-AQM. 

The Sarnia Oxidants Study (June 27 - July 18, 1984): 
Report on the Airborne Measurements. Sahota, H. , 
Kiely, P. and M. Lusis. Report ARB-019-85-ARSP. 

Sugar Maple Decline in Ontario. McLaughlin, D.L., 

Linzon, S.N., Dimma, D.E. and W.D. Mcllveen. Report 
ARB-144-85-Phyto. APIOS 026/85. 

Temperature and Oxygen Data for the Muskoka-Haliburton 
Study Lakes (1983-1984). Reid, R.A. and R. Girard. 
Ont. Min. Env. Data Report DR 85/2. 

Temperature, Oxygen, pH and Dissolved Inorganic Carbon Data 
Summary for Eight Lakes in the Muskoka-Haliburton Study 
Area (1982-1984). Girard, R. and R.A. Reid. Ont. Min. 
Env. Data Report DR 85/3. 

Water Quality Changes in Sudbury area lakes, 1974-76 to 
1982-83. Ont. Min. Env. Tech. Rep. APIOS 007/85. 
29 p. 

1984 

An Analysis of the Effects of the Sudbury Emissions Sources 
on Wet and Dry Deposition in Ontario. Tang, A.J.S. and 
W.H. Chan. APIOS Report No. 011/84. 

An Assessment of the Performance of the Cumulative 
Precipitation Monitoring Network - June, 1980 - 
December, 1981. Acidic Precipitation in Ontario Study. 
W.S. Bardswick. Report ARB-143-84-ARSP . 

Annual Program Report - Fiscal Year 1982/1983. APIOS 
Report No. 001/84. 

Annual Program Report - Fiscal Year 1983/1984. APIOS 
Report No. 010/84. 

Annual Statistics of Concentration, Cumulative Ambient Air 
Monitoring Network, 1982. APIOS Report No. 015/84. 

Annual Statistics of Concentration and Deposition - 
Cumulative Precipitation Monitoring Network, 1982. 
APIOS Report No. 008/84. 

Annual Statistics of Concentration and Deposition - Daily 
Precipitation and Air Monitoring Network, 1982. APIOS 
Report No. 009/84. 
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1984 (continued) 

Cumulative Ambient Air Concentration Listings August 31, 
1981 - January 4, 1983. APIOS Report No. 013/84, 

Cumulative (28 Day) Precipitation Chemistry Listings - 
January 5, 1982 - January 4, 1983. APIOS Report 
No. 003/84. 

The Economics of Acid Precipitation: A Review of Socio- 
Economic Methods to Assess Acid Deposition Effects. 
APIOS Report No. 006/84. 

Emission Inventory of Ontario and Eastern North America 
during 1980-1983 with Emphasis on the Sudbury Shut-down 
Period. D. Yap. APIOS Report No. 016/84. 

Examination of Monthly Wet Sulphate Deposition by a 
Lagrangian Model and its Application to Study the 
Effects of Source Control on Receptors. Ellenton, G. 
and P.K. Misra. APIOS Report No. 018/84. 

Macrophyte Data from 46 Southern Ontario Soft Water Lakes 
of Varying pH. Hitchin, G.G., Wile, I., Miller, G.E. 
and N.D. Yan. Ont . Min. Env . Data Report DR 84/2. 

Meteorological Studies to Quantify the Effects of Sudbury 
Emissions on Precipitation Quality and Air Quality 
During 1980-1983 with Emphasis on the Shut-down period. 
Kurtz, J. and D. Yap. APIOS Report No. 17/84. 

1982 Daily Ambient Air Concentration Listings. APIOS 
Report No. 004/84. 

1982 Daily Precipitation Chemistry Listings. APIOS Report 
No. 002/84. 

An Overview of the Cumulative Wet/Dry Deposition Network. 
APIOS Report No. 007/84. 

An Overview: The Cumulative Wet/Dry Deposition Network. 
Chan, W.H., Orr, D.B. and R.J. Vet. APIOS Report 
No. 005/84. 

Physical and Chemical Data Summary for Twelve Selected 
Lakes in the Muskoka-Haliburton Area (1981-1983). 
Reid, R.A., Locke, B.A., Girard, G.E. and A.C. Nicolls. 
Ont. Min. Env. Data Report DR 84/1. 

Precipitation Concentration and Wet Deposition Fields of 
Pollutants in Ontario, 1982. APIOS Report No. 012/84. 

Quality Assurance Plan - APIOS Deposition Monitoring 
Program. 

Summary: Source Apportionment Analysis of Air and 

Precipitation Data to Determine Contribution of the 
Sudbury Smelters to Atmospheric Deposition in Ontario. 
Lusis, M.A. APIOS Report No. 019/84. 
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1983 



Acid Sensitivity Survey of Lakes in Ontario. APIOS Report 
No. 001/83. 

Acidic Precipitation in Ontario Study - Technical and 

Operating Manual, APIOS Deposition Monitoring Program. 
Bardswick, W.S. April 1983. 

Annual Statistics of Concentration and Deposition - 
Cumulative Precipitation Monitoring Network, 1981. 
Kirk, R.W. August 1983. APIOS Report No. 008/83. 

Annual Statistics of Concentration and Deposition - 
Cumulative Precipitation Monitoring Network, 1981. 
Kirk, R.W. September 1983. 

APIOS Daily Precipitation Chemistry Listings, July 15, 1980 
- December 31, 1981. Revised Edition January 1983. 

APIOS Monthly/28 Day Cumulative Precipitation Chemistry 
Listings, June 1980 - December 1981. March 1983. 

Area Source Emission Inventory for Nitrogen Oxides in 

Ontario by Ontario Research Foundation for MOE. Final 
Report (Proposal No. p-426l/G) . September 1983. 

Crustacean Zooplankton Communities of the 

Muskoka-Haliburton Study Lakes: Methods and 1976-1979 
Data. Hitchin, G.G. and N.D. Yan . Ont . Min. Env. Data 
Report DR 83/9. 

Daily Ambient Air Concentration Listings, July 25, 1980 - 
December 31, 1981. May 1983. 

Depth and Volume of Strata in the Muskoka-Haliburton Study 
Lakes (1976-1982). Girard, R. , Locke, B.A. and 
R.A. Reid. Ont. Min. Env. Data Report DR 83/10. 

Geology and Geochemistry of the Muskoka-Haliburton Study 
Area. Jeffries, D.S. and W.R. Snyder. Ont. Min. Env. 
Data Report DR 83/2. 

Hydrological Data for Lakes and Watersheds in the Muskoka- 
Haliburton Study Area (1976-1980). Scheider, W.A. , 
Cox, CM. and L.D. Scott. Ont. Min. Env. Data Report 
DR 83/6. 

The Macrophyte Flora of 46 Acidified and Acid Sensitive 
Soft Water Lakes in Ontario. Wile, I. and G. Miller. 
Ont. Min. Env. Tech. Rep. 

Meteorological Analysis of Precipitation Event Sampling 
Data (July 1980 - December 1981). Kurtz, J. June 
1983. 
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1983 (continued) 

Morphometry of the Muskoka-Haliburton Study Lakes. 

Nicholls, A., Reid, R. and R. Girard. Ont . Min. Env . 
Data Report DR 83/8. 

1981 Summary Statistics of Observed Concentration and 
Deposition: Daily Precipitation Monitoring Network. 
Kirk, R.W. and W.H. Chan. June 1983. 

Oxygen Profiles on the Muskoka-Haliburton Study Lakes 
(1976-1982). Reid, R.A. , Girard R. and B.A. Locke. 
Ont. Min. Env. Data Report DR 83/5. 

A Performance and Systems Audit of the Acidic Precipitation 
in Ontario Study Monitoring Networks, Volume 1 and 
Volume 2 (Appendices). Submitted by Concord Scientific 
Corporation. ARB-69-83-ARSP. 1983. 

Phytoplankton of Lakes in the Muskoka-Haliburton Area. 
Nakomoto, L., Heintsch L. and A. Nicholls. Ont. Min. 
Env. Data Report DR 83/8. 

Precipitation Concentration and Wet Deposition Fields of 
Pollutants in Ontario, September 1980 to December 1981. 
Chan, W.H., Tang, A.J.S. and M.A. Lusis. June 1983. 

A Preliminary Study for the Compilation of a VOC Emission 
Inventory for the Province of Ontario by Concord 
Scientific Corporation for MOE. Final Report CSC 
110.260. June 1983. 

Procedures Manual - Terrestrial Effects. Griffin H.D. 
(Ed.). APIOS Report No. 007/83. 

The Province of Ontario. Presentation to the Michigan Air 
Pollution Control Commission in Opposition to the 
Consumers Power Company Request to Delay Bringing its 
J.H. Campbell and B.C. Cobb Power Plants into Compliance 
with the Michigan "One Percent or Equivalent Sulphur in 
Fuel" Rule. Grand Haven, Michigan. November 28, 1983. 

Sediment Chemistry of Lakes in the Muskoka-Haliburton Study 
Area. Smith, P.J. Ont. Min. Env. Data Report DR 83/7. 

Studies of Lakes and Streams: Pukaskwa National Park. 
Sutton, J., Maki, L., Deacon, K.J. and G.W. Ozburn. 
API 003/83. 

Studies of Lakes and Watersheds in Muskoka-Haliburton, 
Ontario: Methodology (1976-1982). Scheider, W.A. , 
Reid, R.A., Locke, B. and L.D. Scott. Ont. Min. Env. 
Data Report DR 83/1. 

Temperature Profiles on the Muskoka-Haliburton Study Lakes 
(1976-1982). Reid, R.A. , Locke, B. and R. Girard. Ont. 
Min. Env. Data Report DR 83/4. 
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1983 (continued) 

Total Phosphorus and Major Ion Mass Balances for Lakes in 
the Muskoka-Haliburton Study Area (1976-1980). 
Dillon, P.J. and W.A. Scheider. Ont. Min. Env. Data 
Report DR 83/11. 

Water Quality-Crustacean Plankton Relationships in 
Northeastern Ontario Lakes. Keller, W. and 
J.R. Pitblado. API 002/83. 



1982 



Acid Sensitivity Survey of Lakes in Ontario. APIOS 003/82. 
Summer 1982. 

The Case Against the Rain: A Report on Acidic 

Precipitation and Ontario Programs for Remedial Action. 
Reprint with Supplementary Insert - S«imer 1982. 

Daily Precipitation Chemistry Listings and Statistical 
Summaries July 15, 1980 - December 31, 1981. 
APIOS 001/82. 

The Economics of Acid Precipitation: Ontario's 

Socio-economic Research Program. API 007/82. December 
1982. 

Experimental Neutralization of a Small, Seasonally Acidic 
Stream Using Crushed Limestone. API 004/82. Summer 
1982. 

Lagrangian Model of the Long Range Transport of Sulphur 
Oxides. API 008/82. Fall 1982. 

Monitoring of Lake Superior Tributaries, 1980-1981. 
API 009/82. Fall 1982. 

An Overview: The Cumulative Wet/Dry Deposition Network. 
December 1982. 

An Overview: The Event Wet/Dry Deposition Network. 
API 002/82. Summer 1982. 

The Province of Ontario. Presentation to the Michigan Air 
Pollution Control Commission in Opposition to the 
Detroit Edison Request to Delay Bringing its Monroe 
Power Plant into Compliance with the State of Michigan 
"1% or Equivalent Sulphur in Fuel" Rule. Monroe, 
Michigan. June 30, 1982. 

Report of the Ontario/Canada Task Force for the Development 
and Evaluation of Air Pollution Abatement Options for 
Inco Limited and Falconbridge Nickel Mines, Limited in 
the Regional Municipality of Sudbury, Ontario. 
December 21, 1982. 
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1982 (continued) 

Standard Methods for National Wet-only Precipitation 
Sampling and Chemistry Analysis. McQuaker, N.R., 
Kluckner, P.D., Torneby, J.E., Sorba, S.E-, Chan, W.H. 
and M.E. Still., A Joint Report with the Federal and 
Other Provincial Governments. 1982. 

A Synoptic Survey of the Acidity of Ground Waters in the 
Muskoka-Haliburton Area of Ontario, 1980. API 006/82. 
Fall 1982. 

A Synoptic Survey of the Acidity of Ground Waters in the 
Sudbury Area of Ontario, 1981. API 005/82. Fall 1982 



1981 



Acid Sensitivity Survey of Lakes in Ontario. API 002/81. 
March 1981. 

An Annotated Bibliography: Terrestrial Effects of Acidic 
Precipitation. APIOS 003/81. July 1981. 

Chemical, Microbiological and Physical Interactions of 
Acidic Precipitation Within a Lake and its Drainage 
Basin. Flett, R.J. API 004/81. July 1981. 

An Intercomparison Study of Three Precipitation Sampling 
Networks in Ontario - APIOS, CANSAP and GLPN . 
Vet, R.J., Chan, W.H. and M.A. Lusis. Report No. 
ARB-002-91-ARSP. September 1981. 

Lakewide Odours in Ontario and New Hampshire Caused by 
Chrysochromulina breviturrita Nich. (Pymnesiophyceae) . 
API 001/81. 1981. 

Ontario Ministry of the Environment. Studies of Lakes and 
Watersheds Near Sudbury, Ontario: Final Limnology 
Report of the Sudbury Environmental Study: Volume I. 

Ontario Ministry of the Environment. Studies of Lakes and 
Watersheds Near Sudbury, Ontario: Final Limnology 
Report of the Sudbury Environmental Study: Volume II. 
Appendices . 

The Province of Ontario. Presentation to the Air Pollution 
Control Board of the State of Indiana in Opposition to 
the Indiana-Kentucky Electric Generating Station 
Petition to Operate With an Increase in its Sulphur 
Dioxide Emissions to 7.52 pounds of SO2 per Million 
BTU's of Heat Input. Indianapolis, Indiana. October 7, 
1981. 

The Province of Ontario. A Submission to the United States 
Environmental Protection Agency Hearing on Interstate 
Pollution Abatement. Washington, D.C. June 19, 1981. 
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